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1 Magneto-Resistive (MR) Read/Write Preamplifiers 


V10603 


V10615 


VM5131 


VM5141 


VM5430 


VM5431 


VM5432 


VM5435 


VM546012 


VM546112 


VM61210S 


VM6130 


VM6160 Series 


VM6170S Series 


VM6180 Series 


VM6182 Series 


VM6184 Series 


VM6185 Series 


VM61852/4/8 


10-Channel, Current Bias/Voltage Sense, +5V/-4.5V Supplies, Register 
Programmable, TA Detection 

10-Channel, Current Bias/Voltage Sense Programmable, TA Detection and 
Compensation 

4 or 6-Channel, AMR or GMR Heads, Current Bias/Current Sense, New 
Configurable Wble Write Current Over/Undershoot, Pin Layer Reversal, +5V/ 

+8V Supplies, Register Programmable, TA Detection and Compensation, 
Bandwidth 280+ MHz 

4, 6 or 8-Channel, AMR or GMR Heads, Current Bias/Current Sense, New 
Configurable Write Current Over/Undershoot, Pin Layer Reversal, +5V/+8V 
Supplies, Register Programmable, TA Detection and Compensation, 

Bandwidth 280+ MHz 

4 and 8-Channel, Current or Voltage Bias/Voltage Sense, +5V/-5V Supplies, New 
TA Detection and Compensation, Bandwidth in excess of 350+ MHz 

4 or 8-Channel Bump Die, Current or Voltage Bias/Voltage Sense, +5V/-5V New 
Supplies, Programmable, TA Detection and Compensation, Bandwidth in 

excess of 350+ MHz 

4-Channel, Current or Voltage Bias/Voltage Sense, +5V/-5V Supplies, TA New 
Detection and Compensation, Bandwidth in excess of 350+ MHz 

4, 6 or 8-Channel, GMR Heads, Current or Voltage Bias/Voltage Sense, Write New 
Current Overshoot, +5V/-5V Supplies, Programmable, TA Detection and 
Compensation, Bandwidth 350+ MHz 

12-Channel, Current or Voltage Bias/Voltage Sense, +5V/-5V Supplies, New 
Programmable, TA Detection and Compensation, Bandwidth in excess of 

350+ MHz 

12-Channel, Current or Voltage Bias/Voltage Sense, +5V/-5V Supplies, New 
Programmable, TA Detection and Compensation, Bandwidth in excess of 

350+ MHz 

10-Channel, Current Bias/Voltage Sense, +5V/-3V Supplies, Reduced 

Transition Times 

12 or 14-Channel, Current Bias/Current Sense, +5V/-4.5V S Supplies, TA 
Detection 

6 or 12-Channel, Current Bias/Voltage Sense, +5V/-3V Supplies, 

Programmable 

10-Channel, Current Bias/Current Sense, +5V/-4.5V Supplies, Programmable, 
Thermal Asperity Detection, Enhanced Performance 

8-Channel, Current Bias/Current Sense, +5V Single-Ended, Enhanced 
Performance, Programmable, TA Detection and Compensation 

4 or 8-Channel, Current Bias/Current Sense, +5V Supply, Programmable, TA 
Detection and Compensation, Bandwidth 150+ MHz 

4 or 8-Channel, Current Bias/Current Sense, Configurable Current Damping 
Resistance, +5V Supply, Programmable, TA Detection and Compensation, 
Bandwidth 160+ MHz 

4, 6, or 8-Channel, Current Bias/Current Sense, +5V Single-Ended, 
Programmable, TA Detection and Compensation, One External Component 
Required, Up to 220+ Mbits/sec 

2, 4, or 8-Channel, Current Bias/Current Sense, +5V Singled-Ended, New 
Programmable, TA Detection and Correction, One External Component 

required, Up to 220+ Mbits/sec 
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VM6189 Series 4 or 8-Channel, Current Bias/Current Sense, Configurable Current Damping 
Resistance, +5V Supply, Programmable, TA Detection and Compensation, 
Bandwidth 160+ MHz 

VM6203 12-Channel, Current Bias/Voltage Sense, +5V/-5V Supplies, Programmable, 
TA Detection and Compensation, Up to 350+ Mbits/sec 

VM6204 Series 12-Channel, Current Bias/Current Sense, +5V/-5V Supplies, Programmable, 
Bandwidth 310+ MHz 

VM6205 Series 8-Channel, Current Bias/Voltage Sense, +5V/-5V Supplies, Programmable New 
Bandwidth 310+ MHz 


VM6214 Series 12-Channel Bump Die, Current Bias/Current Sense, +5V/-5V Supplies, New 
Programmable, Bandwidth 310+ MHz 
VM623206 6-Channel, Current Bias/Voltage Sense, Configurable Reader Impedance and 


Write Current Overshoot, +5V/-5V Supplies, Programmable, TA Detection and 
Compensation, Bandwidth 310+ MHz 


2 Two-Terminal High-Performance 5V Read/Write Preamplifiers 


VM3500 4, 6, or 8-Channel, PECL or TTL WDI, Servo Write, Very High Performance 
VM3600 4, 6, or 8-Channel, PECL or WDI, Servo Write, Very High Performance 


3 Mixed Signal Circuits 


VM65011 42.85 Mbits/sec Analog PRML Channel for Digital VHS Applications 
VM65015 19 Mbits/sec Analog PRML Channel for Digital VHS Applications 
VM65060 46 - 140 Mbits/sec Analog PRML Channel with 8/9 (0,4/4) Encoder/DDecoder 


4 Tape Drive Circuits 


V10619 2-Channel, Inductive Head, Read/Only, Differential Preamplifier 
VT5204 2-Channel, High Performance, Inductively Coupled Ferrite Head, Read 
Preamplifier 


5 Power Control Circuits 
VC4005 +5V to -5V DC Power Converter 
6 Application Notes 


1. Phase Lock Loop Application Fundamentals for Hard Disk Drives 

2. Automatic Gain Control Technique for Hard Disk Drives 

3. Using VTC Serial Loader Software 

4. Using the Adaptive FIR Control for the VM65015 New 
5. Flex Circuit Layout Guidelines 

6. Demystifying Noise Specifications for Data Storage Preamplifiers 


7 Packaging and Ordering 


Plastic Quad Flatpack (PQFP) 

Thin Quad Flatpack (TQFP) 

Small Outline Integrated Circuit (SOIC) 
Shrink Small Outline Package (SSOP) 
Very Small Outline Package (VSOP) 
Ordering Information 


Discontinued Devices (Please contact VTC for information or device availability) 
VM5400 
VM6190 
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DATA SHEET AND 
PRODUCT 


Advance Information 

This data sheet contains the design specifications for products 
in development. Specifications may change in any manner 
without notice. Typically this indicates first silicon has been 
evaluated, but not completely verified. 


Preliminary 

This data sheet contains preliminary data. Supplementary 
data will be published at a later date. VTC reserves the right to 
make changes at any time without notice in order to improve 
design or enhance the product. Preliminary indicates the product 
is in the first production stage. 


(No Identification) 

This data sheet contains final specifications as confirmed 
through design, verification and device characterization. This 
device is in final production. 


, 


JEDEC-14/Symbel 


Although all VTC products have input and output circuits that 
protect against damage due to high static voltage or electrostatic 
fields, VTC still recommends following normal ESD precautions 
for handling semiconductor devices. 


VTC Inc. reserves the right to make changes to its products 
without notice in order to improve design, performance, function 
or reliability. VTC assumes no responsibility for use of any 
circuits described or represented other than the circuitry 
embodied in its products. 


Copyright © 1999 VTC Inc. All Rights Reserved. 
Printed in USA 8/99. DBO12 
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QUALITY AND 
RELIABILITY 


VTC's quality journey encompasses every facet of its business from marketing to manufacturing. The company’s 
objective is to establish industry standards for quality and reliability and to be recognized by its customers as a company 
dedicated to providing exceptional service with honesty and integrity. 

VTC understands that success depends on the high quality of products, on the excellence of service provided to 
customers, and on the low cost of producing products. To meet the goals of quality, service and cost, VTC involves all 
its employees in a program of continuous improvement in the following ways: 

* Employees are trained in the use of on-line and off-line statistical process control tools, which enables them to 

understand and reduce variability in manufacturing processes with 60 as a goal. 


* Quality is designed into products and processes, thus eliminating dependence on quality inspections. 
¢ Highly focused project teams use time-proven problem analysis and solution tools. 


¢ PPM and qualification/ORT programs are used to monitor progress. 
Commercial Qualification Process 


Steady State Life Test (per Mil-Std-883, Method 
1005) 

* 1008 hours, dynamic excitation @ 125°C ambient 
min. 
+ Readpoints @ 48, 96, 168, 504 and 1008 hours. 


Initial Electrical Test 
« Parts are Serialized. 
* Correlation Units are used. 


* Tested with Spec Limits 
@ 25°C, High & Low Temp. 

* Datalog to Tape @ 25°C 
only. 


Temperature Cycling (per Mil-Std-883, Method 1010 
* 1000 cycles, -65°C to 150°C, Air to Air. 

+ Readpoints @ 200, 500 and 1000 cycles. 

* Sample & Accept Number: 45(0) or 77(1) or 105(2). 
+ Allow 6 weeks for completion. 


Final Electrical Test 

« Tested with Spec Limits @ 

25°C, High & Low Temp. 

* Datalog to Tape @ 25°C 
only. 

« Allow 1 week for completion. 


Thermal Shock (per Mil-Std-883, Method 1011) 
* 500 cycles, -65°C to 150°C, Liquid to Liquid. 

* Readpoints @ 100, 300 and 500 cycles. 

* Sample & Accept Number: 45(0) or 77(1) or 105(2). 
+* Allow 5 weeks for completion. 


Device Preconditioning 

« Three passes through an IR 
Reflow machine. 

* Tested with Spec Limits 
@ 25C. 

+ Allow 3 days for comple- 


85/85 (per EIA/JESD22-A101-B) 
* 1008 hours, static bias at minimum Pp, 85°C/85% 
RH. 

+ Readpoints @ 168, 504 and 1008 hours. 


* Sample & Accept Number: 45(0) or 77(1) or 105(2). C-SAM Inspection 
G-SAM Inspection 


* The same 60 parts (15 
parts 

each) from Life Test, Temp 
Cycle, Thermal Shock and 
Autoclave are inspected. 


C-SAM Inspection 
* 15 parts each for Life Test, 
Temp Cycle, Thermal Shock, 


Autoclave (per JESD22-A102-B) 

* 168 hours @ 30 psi, 121°C and 100% RH. 

* Readpoint @ 168 hours. 

* Sample & Accept Number: 45(0) or 77(1) or 105(2). 
+ Allow 2 weeks for completion. 


and Autoclave are inspected 
after Device Preconditioning. 

+ Allow 3 days for comple- 
tion. 


High Temp Storage (per JESD22-A103-A) 

* 1008 hours @ 150°C. 

+ Readpoints @ 168, 504 and 1008 hours. 

+ Sample & Accept Number: 116(0) or 195(1). 
+ Allow 8 weeks for completion. 


Failure Analysis (if required 


Lead Integrity (per EIA/JESD22, B105-B) 
* Sample & Accept Number: 45(0) #leads, 3 devices min. 
* Allow 1 week for completion. 


Final Qualification Report 


Adhesion of Lead Finish (per Mil-Std-883, Method 
2025) 
« Sample & Accept Number: 15(0) #leads, 3 devices min 


Physical Dimensions (per Mil-Std-883, Method 
2016) 
« Sample & Accept Number: 15(0) #devices. 


Resistance to Solvents (per Mil-Std-883, Method 
2015) 
« Sample & Accept Number: 21(0) #devices. 


Solderability (per ANSI/J-Std-002) 
« Sample & Accept Number: 22(0) #leads, 3 devices 
min. 
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MR HEAD CIRCUITS 


Series 


Note: Please consult VTC for current information and package availability. 


vi 


Read Gain Input Noise MR Bias Write Current Write Voltage 

Product # Channels wbl (V/V) Typ. (nV/DHz) Typ. Range (mA) Range (mA) (Vp-p) Min. 
V10603 10 PECL 250, 350 0.85 6 - 16 20 - 65 4 
V10615 10 PECL 200 0.60 8-15 20 - 40 7 

112, 150 
VM5131 4,6 or 0.60 2-9.75 15 - 60 Shee 
150, 190 , 
10.8 @ 8V 

VM5141 4,6,8 225, 300 0.60 3-11 15 - 60 5.0 @ 5V 
VM5430 4,8 PECL 100 - 250 0.55 2-10 15-65 6 
VM5431 4,8 PECL 100 - 250 0.55 2-10 15-65 6 
VM5432 4 PECL 100 - 250 0.55 2-10 15-65 6 
VM5435 4,6,8 PECL 112 - 316 0.55 2-10 10-50 6 
VM546012 12 PECL 100 - 250 0.55 2-10 15-65 8 
VM546112 12 PECL 100 - 250 0.55 2-10 15-65 8 
a 10 PECL 150 0.6 8-15 20 - 40 7.0 
VM6130 Series 12,14 PECL 350 0.8 8-16 20 - 40 5 
VM6160 Series 6, 12 PECL 220 0.55 5-15 10-45 9.5 
VM6170S Series 10 PECL 250, 350 0.85 6 - 16 20 - 65 9 
VM6180 Series 4,8 PECL 200, 300 0.73 5-16 10-50 6 
VM6182 Series 4,8 PECL 200, 300 0.88 5-16 10-50 6 
VM6184 Series 4,8 PECL 100 - 200 1.0 4-14 10-45 4 (typ) 
VM6185 Series 4,6,8 PECL 200, 250 0.67 6 - 18 10-63 6 
UMegeae 2, 4,8 PECL | 200, 250 0.67 6-18 10-63 6 
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Servo Power 
Write Supply Programmable Status Comments 
Thermal Asperity Detection and Compensation, 
ne noe ve Cbeplels Programmable Bias and Write Currents 
Yes +5V, +3V No Obsolete Thermal Asperity Detection and Compensation 


Pin Layer Reversal Capable, Thermal Asperity Detection and 
Yes +5V, +8V Yes Advance Info |Compensation, Programmable Bias and Write Currents, and 
Writer Overshoot and Undershoot 


Pin Layer Reversal Capable, Thermal Asperity Detection and 
Yes +5V, +8V Yes Advance Info |Compensation, Programmable Bias and Write Currents, and 
Writer Overshoot and Undershoot 


GMR Reader, Dynamic Thermal Asperity Detection and Com- 
Yes +5V, -5V Yes Advance Info |pensation, Programmable Bias and Write Currents, and Writer 
Overshoot and Undershoot 


GMR Reader, Thermal Asperity Detection and Compensation, 
Yes +5V, -5V Yes Advance Info |Programmable Bias and Write Currents, and Writer Overshoot 
and Undershoot 


GMR Reader, Thermal Asperity Detection and Compensation 
Yes +5V, -5V Yes Advance Info |Controls, Programmable Bias and Write Currents, Writer Over- 
shoot and Undershoot 


GMR Reader, Programmable Thermal Asperity Detection and 
Yes +5V, -5V Yes Advance Info |Compensation, Programmable Bias and Write Currents, Writer 
Overshoot and Undershoot 


GMR Reader, Programmable Thermal Asperity Detection and 
Yes +5V, -5V Yes Advance Info |Compensation, Programmable Bias and Write Currents, Writer 
Overshoot and Undershoot 


GMR Reader, Programmable Thermal Asperity Detection and 
Yes +5V, -5V Yes Advance Info |Compensation, Programmable Bias and Write Currents, Writer 
Overshoot and Undershoot 


Reduced Noise and Transition Times, 


Yes +5V, -3V No Obsolete —_| Available In Die Form For Chip-on-Flex 
+5V Yes Obsolete Thermal Asperity Detection and Compensation 
Yes +5V No Obsolete Thermal Asperity Detection and Compensation 
Yes +5V, -4.5V Yes Obsolete For Dual Chip Applications, Die Form For Chip-on-Flex 
Yes +5V Yes Programmable TA Detection, High Write Current 
Yes +5V Yes Thermal Asperity Detection and Compensation 
Yes 5V Yes Thermal Asperity Detection and Compensation 
Yes +5V Yes Advance Info |Programmable Read and Write Current 
Yes +5V Yes Advance Info |Performance in excess of 220 mbits/sec, 


Requires One External Component 
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Read Gain Input Noise MR Bias Write Current Write Voltage 
Product # Channels wbl (V/V) Typ. (nV/DHz) Typ. Range (mA) Range (mA) (Vp-p) Min. 


VM6189 Series 4,8 PECL io aa 0.8 3-12 1752 7 (typ) 
VM6203 10 PECL | 150-300 0.55 ae 10 - 50 6 (typ) 
VM6204 Series 12 PECL | 220, 300 0.55 5-12 20 - 60 6 (typ) 
VM6205 Series 8 PECL 150, 220 0.55 B28 20 - 60 6 9 typ) 
VM6214 Series 12 PECL | 220, 300 0.55 2-9 20 - 60 6 (typ) 
VM623206 6 PECL | 220, 300 0.55 3-10 20 - 60 6 (typ) 
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Power 
Supply 


Programmable Status Comments 


Yes +5V Yes Advance Info |Low Power Detection and Programmable Damping Resistance 
Yes +5V, -5V Yes Advance Info |AMR/GMR Reader, Performance in excess of 350 Mbits/sec 
Yes +5V, -5V Yes Advance Info |Programmable Read and Write Current, Dual Preamp Control 
Yes +5V, -5V Yes Advance Info |Programmable Read and Write Current 

+5V, -5V Yes Advance Info |Programmable Read and Write Current 

+5V, -5V Yes Advance Info |Programmable Read and Write Current 
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TWO-TERMINAL PREAMPS 


Number of Read Gain Input Noise Input Cap. Writer Current Write Current 
Product Channels (V/V) Typ. (nV/DHz) Max. (pF) Max. Gain (mA/mA) Range (mA) 


MIXED SIGNAL CIRCUITS 


Package Functional Power Maximum 
Product Pins Type Description Supply Transfer Rate 


Analog PRML Channel for DVC Applications +5V Nominal 41.85 Mbits/sec 


VM65015 64 PQFP Analog PRML Channel for Digital VHS Applications +5V Nominal 19.14 Mbits/sec 


PRML Channel 180 Mbits/sec 


TAPE DRIVE CIRCUITS 


Package Functional Maximum 
Product Pins Type Description Transfer Rate 


Inductive, Read Only Differential Preamplifier +5V 


Inductively Coupled, Read/Write Preamplifier +5V, +12V 


POWER CONTROL CIRCUITS 


Package Functional Power Maximum 
Product Pins Type Description Range Current Capability 


VC4005 | 8 | SOIC +5V to -5V DC Voltage Converter +3V to +5V 200 mA 


Note: Please consult VTC for current information and package availability. 
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WRITE VOLTAGE Rise/Fall Time Multiple Servo Head Induct. WD Flip-Flop 
(Vp-p) Min. L=0, R=0 (ns) Max. Write Range (uH) On Chip Status 


Optional 


Optional 


Product Features 


5 Tap Adaptive FIR, Vieterbi Path Length of 10 or 21, Dropout Detector, Programmable Write Current Control, 
Automatic Tracking Frequency Servo Tone Filter and Demodulator 


5 Tap Adaptive FIR, Vieterbi Path Length of 10 or 21, Track-Cross Detector, Programmable Write Current Control, 
Data Rate Adjustment DACs for Both Playback and Trick Play Modes 


46 to 180 Mbits/sec Transfer Rate, Programmable 7 Tap Adaptive Filter, Programmable Write Precompensation, 8/9 (0,4/4) Encoder/ 
Decoder, ZDR, Area Detect Servo 


Product Features 


High-Performance, Read Only Differential Preamplifier Providing Read Amplification 


High-Performance, Read/Write Preamplifier Designed for a Helical-Scan Head Tapes Drives 


Product Features 


High Efficiency, Switched Capacitor Voltage Converter with Selectable Frequency 
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CIRCUITS 


MIXED SIGNAL 
CIRCUITS 
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CIRCUITS 


TAPE DRIVE 
CIRCUITS 


5 POWER CONTROL 
PRODUCTS 
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NOTES 
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V2 4 MR PREAMPLIFIERS 
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Value The Customer™ 


Magneto-Resistive (MR) Read/Write Preamplifiers 


V10603 10-Channel, Current Bias/Voltage Sense, +5V/-4.5V Supplies, Register 1-3 @ 
Programmable, TA Detection = 2 

V10615 10-Channel, Current Bias/Voltage Sense Programmable, TA Detection and 1-17 ac 
Compensation 

VM5131 4 or 6-Channel, AMR or GMR Heads, Current Bias/Current Sense, New 1-27 


Configurable Wble Write Current Over/Undershoot, Pin Layer Reversal, +5V/ 
+8V Supplies, Register Programmable, TA Detection and Compensation, 
Bandwidth 280+ MHz 
VM5141 4, 6 or 8-Channel, AMR or GMR Heaas, Current Bias/Current Sense, New 1-55 
Configurable Write Current Over/Undershoot, Pin Layer Reversal, +5V/+8V 
Supplies, Register Programmable, TA Detection and Compensation, 
Bandwidth 280+ MHz 


VM5430 4 and 8-Channel, Current or Voltage Bias/Voltage Sense, +5V/-5V Supplies, New 1-83 
TA Detection and Compensation, Bandwidth in excess of 350+ MHz 
VM5431 4 or 8-Channel Bump Die, Current or Voltage Bias/Voltage Sense, +5V/-5V New 1-105 


Supplies, Programmable, TA Detection and Compensation, Bandwidth in 
excess of 350+ MHz 


VM5432 4-Channel, Current or Voltage Bias/Voltage Sense, +5V/-5V Supplies, TA New 1-129 
Detection and Compensation, Bandwidth in excess of 350+ MHz 
VM5435 4, 6 or 8-Channel, GMR Heads, Current or Voltage Bias/Voltage Sense, Write New 1-149 


Current Overshoot, +5V/-5V Supplies, Programmable, TA Detection and 
Compensation, Bandwidth 350+ MHz 


VM546012 12-Channel, Current or Voltage Bias/Voltage Sense, +5V/-5V Supplies, New 1-177 
Programmable, TA Detection and Compensation, Bandwidth in excess of 
350+ MHz 

VM546112 12-Channel, Current or Voltage Bias/Voltage Sense, +5V/-5V Supplies, New 1-199 
Programmable, TA Detection and Compensation, Bandwidth in excess of 
350+ MHz 

VM61210S 10-Channel, Current Bias/Voltage Sense, +5V/-3V Supplies, Reduced 1-221 
Transition Times 

VM6130 12 or 14-Channel, Current Bias/Current Sense, +5V/-4.5V S Supplies, TA 1-231 
Detection 

VM6160 Series 6 or 12-Channel, Current Bias/Voltage Sense, +5V/-3V Supplies, 1-247 
Programmable 

VM6170S Series 10-Channel, Current Bias/Current Sense, +5V/-4.5V Supplies, Programmable, 1-265 
Thermal Asperity Detection, Enhanced Performance 

VM6180 Series 8-Channel, Current Bias/Current Sense, +5V Single-Ended, Enhanced 1-279 
Performance, Programmable, TA Detection and Compensation 

VM6182 Series 4 or 8-Channel, Current Bias/Current Sense, +5V Supply, Programmable, TA 1-293 
Detection and Compensation, Bandwidth 150+ MHz 

VM6184 Series 4 or 8-Channel, Current Bias/Current Sense, Configurable Current Damping 1-307 


Resistance, +5V Supply, Programmable, TA Detection and Compensation, 
Bandwidth 160+ MHz 

VM6185 Series 4, 6, or 8-Channel, Current Bias/Current Sense, +5V Single-Ended, 1-323 
Programmable, TA Detection and Compensation, One External Component 
Required, Up to 220+ Mbits/sec 

VM61852/4/8 2, 4, or 8-Channel, Current Bias/Current Sense, +5V Singled-Ended, New 1-337 
Programmable, TA Detection and Correction, One External Component 
required, Up to 220+ Mbits/sec 
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WW 
RS MR PREAMPLIFIERS 
Se 
VM6189 Series 4 or 8-Channel, Current Bias/Current Sense, Configurable Current Damping 1-353 
Resistance, +5V Supply, Programmable, TA Detection and Compensation, 
Bandwidth 160+ MHz 


VM6203 12-Channel, Current Bias/Voltage Sense, +5V/-5V Supplies, Programmable, 1-369 
TA Detection and Compensation, Up to 350+ Mbits/sec 
VM6204 Series 12-Channel, Current Bias/Current Sense, +5V/-5V Supplies, Programmable, 1-391 


Bandwidth 310+ MHz 
VM6205 Series 8-Channel, Current Bias/Voltage Sense, +5V/-5V Supplies, Programmable New 1-407 
Bandwidth 310+ MHz 


a) 
a) 
fez 
20 
U 
n 


VM6214 Series 12-Channel Bump Die, Current Bias/Current Sense, +5V/-5V Supplies, New 1-423 
Programmable, Bandwidth 310+ MHz 
VM623206 6-Channel, Current Bias/Voltage Sense, Configurable Reader Impedance and 1-439 


Write Current Overshoot, +5V/-5V Supplies, Programmable, TA Detection and 
Compensation, Bandwidth 310+ MHz 
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V10603 


MAGNETO-RESISTIVE HEAD, 
HIGH PERFORMANCE, 
READ/WRITE PREAMPLIFIER 


August 12, 1999 


FEATURES 


* General 

- Designed for Use With Four-Terminal MR Heads 

- 3-Line Serial Interface 
(Provides Programmable Bias Current, Write Current, Head 
Selection, TA Threshold and Options Control) 

- Operates from +5 and -4.5 Volt Power Supplies 

- Upto 10-Channels Available 

- Fault Detect Capability 


¢ High Performance Reader 

- Current Bias / Current Sense Configuration 

- MR BIAS Current 5-bit DAC, 6.2 - 16.4 mA Range 

- Programmable Read Voltage Gain 
(250 V/V or 350 V/V) 

- Fast Read Mode 

- Input Noise = 0.85 nV/VHz Typical 

- Input Capacitance = 18 pF Typical 

- Head Inductance Range = 100 nH - 300 nH 

- Mask Select Resistors (0, 10, 15, 30 Q) in series with RDP, 
RDN 


¢ High Speed Writer 
- Write Current 5-bit DAC, 20 - 65 mA Range 
- Rise Time = 1.5 ns Typical (Liota) = 66 NH, ly = 65 mA) 
- Write Head Inductance Range, 75-200nH 


DESCRIPTION 

The V10603 is an integrated bipolar prog b d/write 
preamplifier designed for use in high-perfo hard disk 
drive applications using 4-terminal magneto-resistive (MR) read/ 
thin film write heads. The V10603 contains a thin-film head 
writer, an MR reader, and associated fault circuitry. It provides 
bias current and control loops for setting the DC voltages on the 
MR element. 

Programmability of the V10603 is achieved through a 3-line 
serial interface. Programmable parameters include MR bias 
current, write current, head selection, read gain and thermal 
asperity detection threshold. 

Fault protection circuitry disables the write current generator 
upon critical fault detection. This protects the disk from potential 
data loss. For added data protection, an internal pull-up resistor 
is connected to the mode select line (R/W) to prevent accidental 
writing due to an open line. 

The V10603 operates from +5V, -4.5V power supplies. Low 
power dissipation is achieved through the use of high-speed 
bipolar processing and innovative circuit design techniques. 
When deselected, the device enters an idle mode which reduces 
the power dissipation. 

The V10603 is available in die form for chip-on-flex 
applications. Please consult VTC for details. 
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ABSOLUTE MAXIMUM RATINGS 


Power Supply: 


Vices vacheuesnenancntaxtacted undessntenesbednelusarhinanseanteaes +0.3V to -6V 
V Giger J vidtinnmeeuveeitnieabeweice eetasindtentitnantademndees siieannehs -0.3V to +6V 
Read Bias Current, Iya ...-ee eee cee eee ee cece cence eee eee een ee eee en ee 30mA 
Write Current, ly ..........:cceeeee eee ee ee neces ee eeee eee ea eee nents eee 100mA 


Input Voltages: 
Digital Input Voltage, Vin 
Head Port Voltage, V, 


-0.3V to (Veg + 0.3)V 
-0.3V to (Veg + 0.3)V 


Output Current: 
RDPWRDINGI 6: ssiissscanasectescescasatetddashacaeaedinnsdaaeeinanen -10mA 
Junction Temperature, T, 150°C 


Storage Temperature, Tig ....2.:::-cececeeeeeeeee eee eeeees 


RECOMMENDED OPERATING CONDITIONS 


Power Supply Voltage: 


Wee cutereetthnhes. tetenieste ruc disci ate Gaceeedeaeuaunueeneesim -4.5V +10% 

Wee habasdehedtanuidel addauseaeshgleasie cdushesesnecaehastenaeen +5V+10% 
Write Current, Wyy secs sasvinrneitanncveanvinnmubvncaivesasnaeed dotnet 20-65 mA 
Write Head Inductance, Ly .........:.:cceeeeeeeeeeeeeeeeees 100 - 300 nH 
Write Head Resistance, Ry ...........::::ceeeeeeeeeeeeee teens 10-30 
Read Bias Current, Iyq ...-..:seceseseseceeeeeseeeeeesesceennenes 6-16mA 
Read Head Inductance, Lyp .......:eeceeeee cece ee eee ... 10-100 nH 
Read Head Resistance, Ryp.........ecceeeeeeeeeeeeeeeeeeeeeeee 15-500 


Junction Temperature, Ty ........... cece eee eee ee eee 


Serial Interface Controller 

The V10603 uses a 3-line read/write serial interfac 
of most chip functions including head selection, 
magnitude and write current magnitude. O | 
a bit description. 

Note: Although the serial interface is avail O° all 
modes, VTC recommends no serial activity during read 
and write operations (except to enter Idle mode) since 
errors may be generated. 

The serial interface has two input lines, SCLK (serial clock) 
and SENA (serial enable), and one bidirectional line SDIO (serial 
data input/output). The SCLK line is used as reference for 
clocking data into and out-of SDIO. The SENA line is used to 
activate the SDCLK and SDIO lines and power-up the 
associated circuitry. 

16 bits constitutes a complete data transfer. The first 8 bits are 
write-only and consist of one read/write bit <AO>, four reserved 
preamp bits <A7-A5, A1>, and three register address bits <A4- 
A2>. The second 8 bits <D7-DO> consist of six data bits <D7- 
D2> and two reserved timing bits <D1-D0>. 

A data transfer is initiated upon the assertion of the serial 
enable line (SENA). Data present on the serial data input/output 
line (SDIO) will be latched-in on the rising edge of SCLK. During 
a write sequence this will continue for 16 cycles; on the falling 
edge of SENA, the data will be written to the addressed register. 

During a read sequence, SDIO will become active on the rising 
edge of the 10th cycle (delayed two cycles to allow the controller 
to release control of SDIO). Upon the falling edge of the 11th 
cycle <D2> will be presented and data will continue to be 
presented on the SDIO line on subsequent falling edges of 
SCLK. Two reserved timing bits <D1-D0> allow time for the 
controller to tristate on line SDIO and the V10603 to drive line 
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SDIO. 
See Table 7 and Figures 9 and 10 for serial interface timing 
information. 


Idle Mode 

In the idle mode, power dissipation is reduced to a minimum. 
All circuitry is powered-down except the serial registers (the 
contents of which remain latched). 

Idle mode is controlled with the PWRUP bit (register 3, 
bit <D7>). Note that this bit is the only means of entering idle 
mode or powering the V10603 out of Idle mode without a fault. 
This bit has a power-on-reset value of <0> which enables Idle 
Mode. 


Read Mode 

In the read mode, the circuit operates as a low noise 
differential amplifier which senses resistance changes in the MR 
element which correspond to flux changes on the disk. 

In the read mode the bias generator, the input multiplexer, the 
read preamp and the read fault detection circuitry are active. 

The V10603 uses the current-bias/current-sensing MR 
architecture. The magnitude of the MR bias current is referenced 
to the current flowing through an external resistor (2.5kQ 
nominal, connected en pin ISET and ground). The 
following equati fo) he MR bias current magnitude: 


0.823 
MR = +hural Bp _ 


R SET 
iR represents the bias current flowing to the MR element (in mA). 


15.5 
(Rser) 


(eq. 1) 


o* represents the equivalent resistance between the ISET pin and ground (in Q). 


kip represents the MR bias DAC setting (0 to 31). 


The above Iv, equation will give a bias current range of 
6.2-16.4 mA. 

With the use of a negative supply, the MR head center voltage 
is near ground potential minimizing current spikes during disk 
contact. 


LOWG (Low Gain) 
This control bit (register 0, bit <D2>) selects the gain. When 


high, a gain of 250 V/V is used; when low, a gain of 350 V/V is 
used. This bit has a power-on-reset value of <0> which selects 
high gain (350 V/V). 

MRHVE (MR Head Voltage Enabled) 

This control bit (register 2, bit <D2>) enables the output of the 
(Imp<Rua) product of the selected head at the RDP-RDN 
differential outputs. 

Note: For MRHVE to be active, High gain must be selected 
(register 0, <D2> = 0). 


Ima X Rur= VYorpc7~ Yos RevE (eq. 2) 


Ime X Rur= Yurpc RevG 


Iur x Rup, represents the bias-current/head-resistance product. 
Vur_oc represents the voltage measured at RDP-RDN with MRHVE=1. 
Vos represents the Output Offset Voltage 


Fast Read Mode 

The Fast Read mode, when enabled, increases the 
transconductance (tail current) of the first stage of the read 
amplifier. This effectively increases the lower corner frequency 
of the amplifier’s bandpass by a factor of approximately 15 to 20 
without changing the gain. 
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MR Bias DAC 

The 5 bits in register 1 (<D7-D3>) represent the binary 
equivalent of the DAC setting (0-31, loaded LSB first). 
Thermal Asperity Detection 

If ahead-to-disk contact occurs, the thermal asperity in the MR 
element will result in a fault condition. The threshold for thermal 
asperity detection is governed by the following equation: 


Vrapt = 0.3 + 0.119355 x krapD (eq. 3) 


Vrapt represents the TA threshold (input-referred in mVb-p). 
ktapr represents the TA DAC setting (0-31). 


Note that a fault condition resulting from a thermal asperity will 
reset only after the amplitude falls to 40% of the programmed 
detection threshold. (Hysteresis is disabled for the lower half of 
the programmable threshold range.) 

The thermal asperity detection circuitry may be disabled with the 
TADD bit (register 3, bit <D2>). This bit has a power-on-reset 
value of <0> which enables thermal asperity detection. 


Fault Detection 

In the read mode, a TTL low on the FLT line indicates a fault 
condition. The fault condition can be triggered by any of the 
following conditions: 

« MR open head detected 

* Thermal Asperity detected 

* Low power supply voltage 

* Device in write mode 


The fault detection circuitry may be disabled with the FLTD bit 
(register 1, bit <D2>). This bit has a power-on-reset =) 


which enables fault detection. 


Write Mode & 
In the write mode, the circuit operates {> itch, 
driving the thin-film write element of the M 

The magnitude of the write current is referenced to the current 
flowing through an external 2.5kQ resistor (connected between 
pin ISET and ground). The following equation governs the write 
current magnitude: 


50 3.629 
lw = lass + kw(Re-)] (eq. 4) 


lw represents the write current flowing to the selected head (in mA). 


Roger represents the equivalent resistance between the ISET pin and ground (in Q). 
kw represents the write current DAC setting (0 to 31). 


The above lw equation will give a write current range of 
20-65 mA. 

The write data (PECL) signals on the WDX and WDY lines 
drive the current switch of the selected head. See Figure 11 for 
a timing diagram. 

Write Current DAC 

The 5 bits in register 2 (<D7-D3>) represent the binary 

equivalent of the DAC setting (0-31, loaded LSB first). 


Write-to-Read Recovery Enhancement 
The following conditions are maintained to reduce write-to- 


read recovery time: 
« MR bias current is maintained in write mode 
* Reader outputs are high impedance so that the AC-coupling 
capacitors hold their charge until the next read 
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Fault Detection 

In the write mode, a TTL high on the FLT line indicates a fault 
condition. The fault condition can be triggered by any of the 
following conditions: 


* Insufficient write data transition frequency 
(>500ns between transitions) 

* Open head 

* No write current 

* Head short to ground (Rev G only) 


7) 
= 
o 
— 
=u 
ra 
a. 


In addition to generating a write fault, the following conditions will 
result in the shutdown of the write current source and eliminate 
current flow to any head: 


« Low power supply voltage 
* Device in read mode 


Table 1 Head Select 


0 

0 0 0 1 1 
0 0 1 0 2 
0 1 1 3 
0 0 0 4 
0 0 1 5 
0 1 0 6 
\ 1 1 1 7 
0 0 0 8 

1 0 0 1 9 
(all other combinations) 0 


Note: The head-select lines are equipped with pull-down resis- 
tors to ensure known default head selection (head 0). 
Note that head 0 is selected for all unrecognized 
head-select codes. 


Table 2 DUMY Mode for Bias Current 


DUMY 
(bias only) CONDITION 
0 Bias current flows to the selected head. 


(see Table 1) 
Bias current flows to a dummy head. 
(a 42Q resistor) 
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Clk 1 Clk 16 


SdINVAud 
YIN 
—_—— 
<= 


SCLK ! 


| Register Address Bits | Data Bits | 


SDIO (WX ar X a2 Kas KX As Kas Kas KAZ X DOK D1 X D2 X D3 X b4 X DS X 6 X D7 ) 
2 


SENA 


1. SCLK must remain high between register operations. 
2. The <DO> and <D1> bits are reserved timing bits to provide sufficient time for the controller to tristate its output (release control of SDIO), 


and the V10603 to untristate (activate control of SDIO). 


Figure 8 Serial Port Protocol 


Table 3. Serial Interface Bit Description -- Address Bits 


. : Register Address Bit: R/W Bit 
Function Register # <A7-Al> <A0> 
Thermal Asperity / Gain 0 1 1 1 w 1 1/0 
MR Bias / Fault Detect 1 : i 0 1 1 1/0 


Write Current DAC / 


1 1 
MR Head Voltage eS : ‘ es 
Power Up / Head Select / ©) 1 0 1 { 1 1/0 
1 


wo 


Thermal Asperity Disable 


Vendor ID (read only) 


1. Reserved and not decoded 


Table 4 Serial Interface Bit Description -- Data Bits 


Function Register # pate Bis 
as 9 <D7> <D6> <D5> <D4> <D3> <D2> <D1> <DO> 
Thermal Asperity / Gain 0 TADT4 | TADT3 | TADT2 | TADT1 | TADTO | LOWG 1 1 
MR Bias / Fault Detect 1 IMR4 IMR3 IMR2 IMR1 IMRO FLTD A ‘ 
Write Current DAC / 1 1 
MR Head Voltage 2 Iw4 IW3 Iw2 IW1 lwo. | MRHVE 
Power Up( Head Select! 3 PwruP | HS3 HS2 HS1 Hso. | TADD 1 1 
TA Disable 

Vendor ID 4 2 2 2 2 2 2 i i 


1 


. Reserved 

Read Only Register/Bits: 

Register 4:<D1-D0> is reserved for serial I/O timing. 

Register 4:<D4-D2> is preamp revision level (Rev E = 100, Rev G = 110). 
Register 4:<D5>=1 indicates bump die. 

Register 4:<D7-D6> is the Vendor ID. (VTC = 00). 


i) 
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Table 5 Mode Select 


— PWRUP 
R FAST 3:<D7> MODE ” 
c= 
1 0) 1 Read =a 
1 1 1 Read Fast a 
0 x 1 Write 
X X 0 Idle 


Power-on Reset Value 
<D7-D0> 
Thermal Asperity / Gain <0000 0000> 
MR Bias / Fault Detect <0000 0000> 
Write Current DAC / 
MR Head Voltage spacious 
Power = Sere <0000 0000> 


Vendor ID <0000 0000> 


Function Register Number 
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Table 7 Serial Interface Parameters 
DESCRIPTION 


Operational Limits 
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SYMBOL 


Serial Clock (SCLK) Rate 


Read or Write 


SENA to SCLK setup time 


Read or Write 


Tens 


SDIO to SCLK setup time 


Read or Write 


Tos 


SDIO from SCLK hold time 


Read or Write 


SCLK cycle time 


Read or Write 


SCLK high time 


Read or Write 


SCLK low time 


Read or Write 


SENA from SCLK hold time 


Read or Write 


Time between I/O operations 


Read or Write 


Time to tristate controller driving SDIO 


(release control of SDIO) 


Read 


SCLK falling edge to read data valid 


Read 


Duration of SENA 


Read or Write 


SENA to SDIO Tristate Delay 


Read or Write 


1. Maximum time controller can be on bus after last address bit is sent. 


Note: SerEna assertion level is high. 


SCLK 


SDIO 


SENA 


SCLK must remain high between register operations. 


SDIO 


SENA 


Figure 10 Serial Port Timing - Tristate Control 
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PIN FUNCTION LIST AND DESCRIPTION 


Description 


Dummy Head for bias current: 
A TTL high level selects a dummy head (for MR bias current only). Pin defaults low (non-dummy). 


PREAMPS 


Read/Write: 
A TTL low level enables write mode. Pin defaults high (read mode). 


Write/Read Fault: 
A TTL high level indicates a fault in write mode. A TTL low level indicates a fault in read mode. 


Differential Pseudo-ECL write data inputs: 
Positive edge on WDX toggles the direction of the head current. 


MR head connections, positive end. 


MR head connections, negative end. 


Thin-Film write head connections, positive end. 


Thin-Film write head connections, negative end Faz 


Read Data: Differential read signal ~~ A 
Noise bypass capacitor input i current source. 


Compensation 0 e MR head current loop. 
Analog Voltage reference for disk bias. 


-4.5V supply 


+5.0V supply 


Ground 


Reference Current for both MR Bias and Write Current. 


FAST Read Mode: 
A TTL high level enables FAST read mode. Pin defaults low (FAST disabled). 


Serial Enable: 
Serial port enable signal; see Figures 9 and 10. 


Serial Clock: 
Serial port clock; see Figures 9 and 10. 


Serial Data: 
Serial port data; see Figures 9 and 10. 


. When more than one device Is used, these signals can be wire-OR ed together. 
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TYPICAL CONNECTION DIAGRAM 


a] 
a] 
5s 
— Sa 235353204 % Xa Z>3B2Z2a% 
7 Serres esere 5 FBtecesese es 
sa — — a 4 F sa a a ake. aie. ne ee ol = a Ei 
HW7X HWeX 
HR7P HR2P 
HR7N HR2N 
HW7Y Hwey 
HW8Y HW1Y 
HR8N HRIN 
HR8P HRIP 
HW8X HW1X 
HW9X Note: Die shown bump side down WOK, 
HROP HROP 
HRON HRON 
HW9Y HWwoy 
ws GND 5 
cap cap 
cae 1? __ == cae 1? 
(5 nF Typical) CaN Control Side of Die C2N (5 nF Typical) 
<x < x 
GNDA wow zo qesZzS3A8 4p 5 Ga6ao08 GND 
L£ > > o Oo 2 ec co =F eu nnn > ae 
VDDA 
-5V 
+5V. 
-4.5V |-4.5V 5k % 45V_ 


1. Minimizing parasitics at this node is vital. Place a quality (low resistance, low inductance) capacitor as close to the die as possible. 
2. This capacitor is split to minimize parasitics from all heads to the AC-coupling capacitor. 
A single C2 capacitor may be connected to either set of C2P/C2N pads, however, performance may be compromised with a single C2 capacitor configuration. 


Application Notes: 
1) VTC recommends placing decoupling 0.1 uF and 0.01 uF capacitors in parallel between the following pins: 


VCC - GND 
VEE - GND 
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STATIC (DC) CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 
O°C<T )<125°C, 4.5V<Voce<5.5V, -5.0V<Ver<-4.0V, Kina = 16, ki = 31. 


PARAMETER CONDITIONS 


a) 
= 
o 
= 
= ui 
a 
a 


Read Mode, Serial I/O Active 


Read Mode, Serial I/O Inactive 


Voc Power Supply Current Write Mode 


Idle Mode, Serial I/O Active 


Idle Mode, Serial I/O Inactive 


Read Mode 


Vee Power Supply Current Write Mode 


Idle Mode 


Read Mode, Serial I/O Active 


Read Mode, Serial I/O Inactive 


Power Supply Dissipation Write Mode ca 
Idle Mode, Serial I/O Active *q 


Idle Mode, Serial |/ ne 
PECL Veo - 1.0 
Input High Voltage 
oy 3.5 


Vin- 1.5 
Input Low Voltage 


OS -0.3 


PECL 


Input High Current 
CMOS 


PECL 
Input Low Current 


CMOS 


Output High Current FLT: Voy = 5.0V 


Output Low Voltage FLT: lop = 4mA 


Voc Fault Threshold 


Vee Fault Threshold 


Disk Reference Voltage Range 


Bias Reference Voltage Rger = 25002 


Revision E 
Monitored MR MHVRE = 1 
DC Voltage Accuracy 
(RDP-RDN) Revision G 
MHVRE = 1 
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STATIC (DC) CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 
0°C<T )<125°C, 4.5V<Voce<5.5V, -5.0V<Ver<-4.0V, kina = 16, ki = 31. 


PARAMETER CONDITIONS 


Read/Idle Mode 
0 < Voc < 5.5V, -4.95 < Vee < 0 


uv 
a) 
fe 
20 
U 
n 


Write Head Current Write Mode 
(HWnX, HWnY) 0 < Voc < 5.5V, -4.95 < Vee < 0 


Invalid/Unselected Head 


Idle Mode 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. O°C<T<125°CC, 4.5V<Voc<5.5V, -5.0V<Vee<-4.0V, Kimp=16, 
Kw=31, Lug = 25nH, Rug = 422, RSET = 25009. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
MR Head Current Range lr 6.2 16.4 mA 
MR Head Current Tolerance lr X = 6.2 + 0.329kKive 0.95x 1.05x mA 
Unselected MR Head Current 100 HA 
Iger to MR Bias Current Gain Rak keel 16 aes 
Vin = 2mMV,, @5MHz, LOWG=0 260 350 440 
Differential Voltage Gain Ay V/V 
Vin = 2mV,, @5MHz, LOWG=1 185 250 315 
Passband Upper Frequency “1dB TBD 
Limi fur MHz 
imit -3dB 112 
Fessnand Lowen na thle: fp Cp = 6nF 0.1 0.3 0.5 MHz 
quency Limit 
Passband Lower -3dB Fre- 
quency Limit, Fast Recovery far FAST low 6 MHz 
Mode 
: ; nv/ 
Equivalent Input Noise Cin 1<f<120 0.85 He 
Zz 
Differential Input Capacitance Cin Kimr=1 50 10 pF 
Differential Inout Resistance Rin ee 5.8 Q 
input V where Ay falls to 90% 
Dynamic Range & of its value at 4 MV op 
Vin = 2mV,, @ f = 5 MHz 
er ; CMR 100mVpp on center or Ry», 
Common Mode Rejection Ratio R 1 <f<50 MHz 15 dB 
Power Supply Rejection Ratio PSR: | WCmer on Vee Or Ver 30 dB 


1 <f<50 MHz 


; Unselected Channels: 
Channel Separation CS Viy= 1MVpq 1 <f< 120 MHz 15 dB 


Output Offset Voltage Vos -100 100 mV 


Common Mode Output Voltage Vocm MRHVE = 0 Voo- 2.9 | Veco- 2.6 | Voc - 2.2 V 


Includes 10Q resistor in series 
with reader output; 


i i 1 
Single-Ended Output Resistance Rseo Reco = [Vappn (lo=-0.5MA) - Vapp) 30 Q 
n (lo=+0.5mA)] / 1mMA 
AC-Coupled Load, RDP to RDN, 495 an 
Read mode 
Output Current lo 
AC-Coupled Load, RDP to RDN, { uA 


Any other mode 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 0O°C<T)<125°CC, 4.5V<Voc¢<5.5V, -5.0V<Vee<-4.0V, Kimp=16, 
Kw=31, Lug = 25nH, Rug = 422, RSET = 25002. 


PARAMETER CONDITIONS 


Extended Contact, 


MR Head-to-Disk Contact Roisk = 10MQ 
Current 


a) 
a) 
fe 
20 
U 
wn 


Maximum Peak Discharge, 
Coisx = 3800PF, Roig, = 10MQ 


MR Head Potential, 


Selected Head Imp = 11.3 mA 


Total Harmonic Distortion Vin = 4mVpp, ten harmonics 


Thermal Asperity X = 0.3 + 0.119355kzap7 
Detection Threshold Input-Referred, Rger = 25002 


1. Includes 10 resistor in series with reader output. 


WRITE CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 0°C < Tj<125°C, 4.5V < Vog < 5.5V, -5.0V < Veg < -4.0V, Kiw = 
31, ly = 65mA, L,,= 90nH, Ry, = 172, RSET = 25009. 


PARAMETER 


Iser to Write Current Gain 


Write Current Range 


Write Current Tolerance 


Differential Head Voltage Swing 


Unselected Head Voltage 


Differential Output Capacitance 


Write Data for Safe Condition FLT low 


Time Between Transitions for 


Fault Inhibition FLT function inhibited 


SWITCHING CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 
0°C < Ty<125°C, foata = 5MHz, Ly = 66nH, Ry = 14Q, ly = 65mA, RDP/RDN Channel Impedance < 500Q, C2 = 6.6nF. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
RW to Write Mode trw To 90% of write current 30 200 ns 
pred To within 10mV of DC level; 

R/W to Read Mode twr C, = 5.6nF 0.5 1.0 us 
To within 10mV of DC level; > 20 

Idle (SCLK 16th rising edge) t FAST = low Z 

to Read Mode pu He 
FAST = high 5 
To within 10mV of DC level; 4 15 

Head (SCLK 16th rising edge) t FAST = low 

to Any Head (including DUMY) HS r 
FAST = high 2 

SCLK 16th rising edge ii To1 0% of read envelope or 03 0.6 as 

to Unselect write current 
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SWITCHING CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 
0°C < Ty<125°C, foata = SBMHz, Ly = 66nH, Ry = 14Q, ly = 65mA, RDP/RDN Channel Impedance < 500, C2 = 6.6nF. 


PARAMETER CONDITIONS 


7) 
= 
o 
= 
=u 
o 
a 


Ima (max) to Imp (min) To 90% of envelope 


Ime (Min) to lye (max) To 90% of envelope 


Safe to Unsafe ' 50% WDX to 50% FLT 


Unsafe to Safe ' 50% WDX to 50% FLT 


need Current Propagation Delay 


From 50% points 


Write Data has 50% duty cycle 
Asymmetry & Ins rise/fall time, Ly = 0, Ry = 
0 


Rise/Fall Time 20-80% 


Settling Time 


Overshoot 


1. See Figure 11 for a write mode timing diagram. 


> 


Figure 11 Write Mode Timing Diagram 
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Specific Characteristics 
Die size: 192 X 191 Mils 


Pad Coordinates for the V10603 (in Mils) 


Pin Name X Axis Y Axis Pad Size Pin Name X Axis Y Axis Pad Size 
C1N 52.913 -87.510 4x8 SCLK -74.951 -87.510 4x4 
C1P 42.480 -87.510 4x8 SDIO -66.949 -87.510 4x4 
C2N 90.965 -62.569 4x12 SENA -58.947 -87.510 4x4 
C2N 90.965 -70.581 4x12 GND -2.933 -87.510 4x4 
C2N -90.965 -62.736 4x12 GND -90.965 -38.720 4x4 
C2N -90.965 -70.748 4x12 GND -90.965 -78.750 4x4 
C2P 90.965 -46.555 4x12 GND 90.965 -79.045 4x8 
C2P 90.965 -54.567 4x12 VD 90 -38.553 4x4 
C2P -90.965 -46.722 4x12 VDD 2. -86.752 4x12 
C2P -90.965 -54.734 4x12 VDD AG 5 -86.752 4x12 

DUMY -42.943 -87.510 4x4 vooR 88.287 -87.510 4x8 
FAST -34.941 -87.510 4x4 “Wee 61.378 -87.510 4x12 
FLT -50.945 -87.510 4x4 Oo E 69.390 -87.510 4x12 
ISET 21.713 -87.510 iy VEEA 77.854 -87.510 4x8 
HRON -77.185 -21.831 HWOY -77.185 -29.843 4x4 
HRIN 77.185 r a @) HW1Y 77.185 26.240 4x4 
HR2N -77.185 42.264 4x4 HW2Y -77.185 34.252 4x4 
HR3N -48.248 73.780 4x4 HW3Y -40.246 73.780 4x4 
HR4N -24.242 73.780 4x4 HW4Y -32.244 73.780 4x4 
HR5N 24.242 73.780 4x4 HW5Y 32.244 73.780 4x4 
HR6N 48.248 73.780 4x4 HW6Y 40.246 73.780 4x4 
HR7N 77.185 42.264 4x4 HW7Y 77.185 34.252 4x4 
HR8N 77.185 18.228 4x4 HW8Y 77.185 26.240 4x4 
HR9ON 77.185 -21.831 4x4 HW9Y 77.185 -29.843 4x4 
HROP -77.185 -13.819 4x4 HWOX -77.185 -5.807 4x4 
HR1P -77.185 10.217 4x4 HW1X -77.185 2.205 4x4 
HR2P -77.185 50.276 4x4 HW2X -77.185 58.287 4x4 
HR3P -56.250 73.780 4x4 HW3X -64.252 73.780 4x4 
HR4P -16.240 73.780 4x4 HW4X -8.238 73.780 4x4 
HR5P 16.240 73.780 4x4 HW5X 8.238 73.780 4x4 
HR6P 56.250 73.780 4x4 HW6X 64.252 73.780 4x4 
HR7P 77.185 50.276 4x4 HW7X 77.185 58.287 4x4 
HR8P 77.185 10.217 4x4 HW8X 77.185 2.205 4x4 
HR9P 77.185 -13.819 4x4 HW9X 77.185 -5.807 4x4 
RDN 5.384 -87.510 4x4 WDY -18.937 -87.510 4x4 
RDP 13.711 -87.510 4x4 WDX -10.935 -87.510 4x4 
RNW -26.939 -87.510 4x4 
1-16 VTC Inc., 2800 East Old Shakopee Road, Bloomington, MN 55425, 612-853-5100 


OX) V10615 


NY 
x Pees 10-CHANNEL, MAGNETO-RESISTIVE 
HEAD, READ/WRITE PREAMPLIFIER 
with SERVO WRITE CAPABILITY 
o 
a 
c= 
990811 August 12,1999 EI 
FEATURES BLOCK DIAGRAM a 
* General GND FLT VEE VCC 
- Designed for Use With Four-Terminal MR Heads O oO O O 
- Operates from +5 and -3 Volt Power Supplies : 
- Fault Detect Capability Aan 
. High Performance Reader ee 
Current Bias / Voltage Sense Configuration A 4 
- MR Bias Current Range 8 - 15 mA RW Mode 
- Read Voltage Gain = 200 V/V Typical ws Select L__4 Hwox 
- Input Noise = 0.60 nV/VHz Typical wox¢ \ 4 d Hwov 
- Input Capacitance = 16 pF Typical waved dt) a SS 5 g 
- Head Inductance Range = 100 nH to 600 nH ie) = : 
- Fast Thermal Asperity Recovery Mode WDFF | Write é [ : 
-__ys! Current L 
* High Speed Writer WSERQ—_____| | Source = | —dxwox 
- Write Current Range = 20 - 40 mA WCQ |—_4 Hwey 
- Rise Time = 2.0 ns Typical (Ly = 220 nH, ly = 30 mA) HSO 
- Multi-Channel Servo Write 04 Head 
- Optional WDFF as a bondable option HS2 Select 
HS3 
DESCRIPTION 
The V10615 is an integrated bipolar read/write preamplifier 
designed for use in high-performance hard disk drive veo 
applications using 4-terminal magneto-resistive (MR) recor aO ONC} Is 
heads. It provides bias current and control ae for setti » OS z 
DC voltages on the MR element. The V10615 sven OS 3 nee 
servo write feature, enabling the user to Yo! votome ion O— = oe 
directly through the preamplifier. HR9P¢y——_} > aay 
Fault protection circuitry ensures that te’ current HR9N (y—— 2 
generator is disabled during power sequencing, voltage faults or 
an invalid head select. This protects the disk from potential 
transients. For added data protection, internal pull-up resistors a in 
are connected to the mode select lines (CS and R/W) to prevent Controller 
accidental writing due to open lines and to ensure the device will RC QI 
power-up in a non-writing condition. Internal pull-up resistors are 
also provided on the FAST pin (to disable the fast thermal § J § § 4 
recovery mode) and the WSER pin (to ensure non-servo mode). a a a 


The V10615 operates from +5V, -3V power supplies. Low 
power dissipation is achieved through the use of high-speed ABSOLUTE MAXIMUM RATINGS 
bipolar processing and innovative circuit design techniques. 
When deselected, the device enters an idle mode which reduces Power Supply: 


the power dissipation. Vibe siatdes sha lntdudaearedandeaneisnven Dake atieatiomelies +0.3V to -5V 
The V10615 is available in die form for chip-on-flex Mee adinticadenatedantetsadart ofcl apadetash wnadiuytedensuaeasveesee -0.3V to +7V 
applications. Please consult VTC for details. Write. Current ly. . site ncupensuracanesesepukenseaveaesduaseerasavestubaccs 60mA 
Input Voltages: 
Digital Input Voltage Viy ......-.. eee Vee -0.3V to (Voc + 0.3)V 
Head Port Voltage Vy ......... eee Vee -0.3V to (Voc + 0.3)V 
Output Current: 
RDPARDNGIG. <itsiisseraptesbsantattarhiacebeatarossinathetacebye -10mA 
JUNCHOMN TOMPCrAtU scsi sicashodeniusesaaatocbarsesencannnenbennin 150°C 
Storage TEMperature Toig ..-.ccceeeseceeesseeeeeeeeeeeees -65° to 150°C 
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RECOMMENDED OPERATING CONDITIONS 


Power Supply Voltage: 
Mice sstaguaanenaatareenesnectescaananneeacacesaacseeekeinauausee beans -3V + 10% 
Voc 


Read Mode 
In the read mode, the circuit operates as a low noise 


differential amplifier which senses resistance changes in the MR 
element which correspond to flux changes on the disk. The bias 
generator, input multiplexer, read preamp and read fault 
detection circuitry is active. = = 

The appropriate TTL levels on the CS and R/W lines place the 
preamp in the read mode (see Table 8) and activate the bias 
generator, the read preamp and the read fault detection circuitry. 

The V10615 uses the current bias / voltage sensing MR 
design. The MR bias current amplitude is determined by an 
external resistor or an external current source and is described 
by the following equation: 


(eq. 5) 


lp represents the magnitude of the bias current (in MA). 
Rec represents the equivalent resistance between the RC pin and ground (in kQ). 
Due to the use of a negative supply, the MR head center 
voltage is at ground potential minimizing current spikes during 


disk contact. S 
as 


Fast Mode — 

Applying a TTL low level to the FAST pin enabl 
recovery mode. In fast mode, the first ee 
by a factor of three to reduce the recovery rom a thermal 
asperity. 
Fault Detection 

In the read mode, a TTL low on the FLT line indicates a fault 
condition. The fault can be triggered by any of the following 
conditions: 


« MR bias current too high (1.5 times its programmed value) 
« Low power supply voltage 


Write Mode 
In the write mode, the circuit operates as a thin film head write 


current switch, driving the thin film write element of the MR head. 
The write unsafe detect circuitry is activated. 

The appropriate TTL levels on the CS, R/W and WSER lines 
place the preamp in the write mode (see Table 8) and activate 


the write unsafe detect circuitry. 
The write current magnitude is determined either by an 


external resistor or an external current source and is defined by 
the following equation: 
39 (eq. 6) 


Ry 
Aiwes (1 7 Ra) 


lw represents the magnitude of the write current (in mA). 
Rwc represents the equivalent resistance between the WC pin and ground (in kQ). 
Ry represents the series resistance of the head (in kQ). 
Rp represents the internal damping resistance (in kQ). 


lw = 


990811 


Write data pseudo-ECL signals on the WDX and WDY lines 
drive the current switch of the thin film writer either directly or via 
the optional internal flip-flop. 

Note: The flip-flop is enabled when the NTFF pad is connected 
to ground (a wire-bond option). 
Fault Detection 

In the write (and servo write) mode, a TTL high on the FLT line 
indicates a fault condition. The fault can be triggered by any of 
the following conditions: 


« WDI frequency too low 

* Open write head 

« Write Head short to ground 

¢ No write current programmed 


In addition to triggering a fault the following conditions will result 
in the shutdown of the write current source internal to the chip: 


« Low power supply voltage 
¢ Invalid head select code 
¢ Non-write mode 


Servo Write Mode — = 

Low TTL levels on WSER, CS and R/W place the chip in servo 
write mode. 

In servo mode, fiv 
conta hc ie 
controls w 
2 ve s 


nels of the V10615 are written 
ontrols the servo mode and pin HSO 
are simultaneously written. See Table 
rises description. 


Bvcting multiple heads, there is a limit to the write 
Qos cirer duty cycle that can be used without approach- 
ing the maximum junction temperature. This maximum 
duty cycle is contingent on package type, number of 
heads selected, write current, heatsinking and airflow. 
DC erase using multiple heads will exceed the maxi- 
mum allowable power dissipation. 


Table 8 Mode Select 


CS RWW WSER MODE 
0 1 Xx Read 
0 0 1 Write 
0 0 0 Servo 
1 X X Idle 


DESCRIPTION 
Heads 0, 1, 2, 3, and 4 
Heads 5, 6, 7, 8, and 9 
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Table 10 Head Select 


V10615 Os 


HS3 HS2 HS1 HSo HEAD 
0 0 0 0 0 
0 0 0 1 { 2 
0 0 1 0 2 oc a 
0 0 1 1 3 rs 
0 1 0 0 4 
0 1 0 1 5 
0 1 1 0 6 
0 1 1 1 7 
1 0 0 0 8 
1 0 0 1 9 
{ 0 { X DUMMY! 
1 1 x x DUMMY" 


= 


. All other HS combinations select an internal dummy head. 


Table 11 Pin Function List and Description 


Signal 
BHV 


GND 
HRON-HR9N 
HROP-HR9P 

HS0-HS3 
HWoX-HW9X 
HWOY-HW9Y 

NTFF 

R/W 

RC 
RDP, RDN 
VCC 
VEE 
WC 
WDX, WDY 
WSER 


1. l=Input pin, O=Output pin. 


vo! 


\2 


Description 
Buffered MR Head Voltage output. 
Noise bypass capacitor input for the MR bias current source 
Reader AC-coupling capacitor. 
Compensation capacitor for the MR head curre "6, 
Chip select: A TTL low level enables rv d 


The default is high (disabled). 


Fast Mode: A TTL low level e \ Ph recovery mode. 
The default is high (disa ). 

Write/Read Fault: el indicates a fault in write mode. 

A low level indic n read mode. 

Ground 


MR head c ctions, negative end. 

MR head connections, positive end. 

Head Select: Selects one of the ten heads. 

Thin-Film write head connections, positive end. 

Thin-Film write head connections, negative end 

The write data flip-flop is enabled when this pad is connected to ground. 
Read/Write: A TTL high level enables read mode. The default is high (read mode). 
MR bias current reference pin: Sets the magnitude of MR bias current. 

Read Data: Differential read signal outputs. 

+5.0V supply 

-3.0V supply 

Write current reference pin: Sets the magnitude of write current. 

Write Data Inputs: Differential Pseudo-ECL. 

Write Servo: A TTL low level enables servo mode. The default is high (non-servo). 


2. When more than one device is used, these signals can be wire-OR’ed together. 
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STATIC (DC) CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. lya= 13mA, |, =30mA. 


2 PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
B = Read Mode 75 88 
B Write Mode 133 150 
Voc Power Supply Current loc Idle Mode 4.5 5 mA 
Fast Mode 98 118 
Servo Mode, lw = 20mA 290 325 
Read Mode 51 61 
Write Mode 101 115 
Vee Power Supply Current lee Idle Mode 1.15 1.5 mA 
Fast Mode 71 86 
Servo Mode, lw = 20mA 230 265 
Read Mode 528 686 


Write Mode A 1065 1205 
Power Supply Dissipation Py Idle Mode 26 33 mW 
Fast Mode 4 703 933 


Servo Mode, m 2354 2662 
P Voc - 1.0 Voc - 0.7 V 
Input High Voltage V 
2.0 Voo + Vv 
0.3 
PECL Voc - 1.9 Voc - 1.6 V 
Input Low Voltage ViL 
TTL -0.3 0.8 V 
PECL 120 HA 
Input High Current NH 
TTL, Viy= 2.7V 80 HA 
PECL 100 HA 
Input Low Current lie 
TTL, Vi.= 0.4V -160 HA 
Output High Current lon FLT: Voy = 5.0V 50 HA 
Output Low Voltage VoL FLT: lop = 4mA 0.6 V 
Voc Fault Threshold Vor Veg = -3.0V 3.6 3.8 4.0 V 
Vee Fault Threshold VeTH Voc = 5.0V -2.3 -2.1 -1.9 V 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. Iypg= 13MA, Ry_= 222, Ly, = 80NH. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 0 
= 
MR Head Current Range Iu 8 15 mA S = 
oc 
MR Head Current Tolerance lr 8 < Imp <15mA -5 +5 % e 
Unselected MR Head Current 100 LA 
MR Bias Reference Voltage Vac 2667 < Rac < 4000 Q 1.9 2.0 2.1 V 
IRC to MR Bias Current Gain Awe 2667 < Rac < 4000 2 20 mA/mA 
RLIRDP, RDN) = 10k0 140 | 200/260 
Differential Voltage Gain Ay u( , i= VV 
Fast Mode 110 185 260 
-1dB, 
Dependent on C2 parasitics wy a 
Fast Mode 50 55 
Passband Upper Frequency Limit fur MHz 


-3dB, 
Dependent on C2 parasitics ". i 
Fast Mo e 85 
Passband Lower -3dB Frequency 


tei fia \' 0.1 0.8 MHz 
Equivalent Input Noise en 5<f<2 Oo 0.60 0.75 nV/VHz 
“= 16 20 


Differential Input Capacitance Cin pF 
Fast Mode 20 25 
1200 2100 
Differential Inout Resistance Rin Q 
Fast Mode 600 1000 
AC input V where Ay, falls to 
Dynamic Range DR 90% of its value at Viy = 2mV,, 8 20 MV 55 
@ f=5 MHz 
Common Mode Rejection Ratio CMRR | Voy = 100mVpp, f=10MHz 45 60 dB 
Power Supply Rejection Ratio PSRR TOO OR MEE OI MEE, 40 45 dB 
f=10MHz 
; Unselected Channels: Viy = 
Channel Separation CS 100mV,,, f=10MHz 45 50 dB 
Output Offset Voltage Vos -150 150 mV 
Common Mode Output Voltage Vocm | Read Mode Voc - 3.7 Voc - 3.2 Voc - 2.7 V 
Common Mode Output Voltage 
Bes P g AVoom | Voom (READ) - Vooy (WRITE) -250 50 250 mV 
Single-Ended Output Resistance | Rsgo | Read Mode 30 50 Q 
Output Current lo AC Coupled Load, RDP to RDN -1.5 +1.5 mA 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. Iy_= 13MA, Ry, = 22, Ly, = 80NH. 


PARAMETER CONDITIONS 


Extended Contact, 


MR Head-to-Disk Contact Poisk=10MQ 
Current 


a) 
a) 
fe 
20 
U 
n 


Maximum Peak Discharge, 


Coisk=S00pF, Roisx=1 OMQ 


MR Head Potential, Selected 
Head 


Buffered Head Voltage Error (IMR * Rury - BHV 


WRITE CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. ly = 30mA, L4= 220nH, Ry = 15Q, fpoat, = SMHz. 


PARAMETER CONDITIONS 


WC Pin Voltage 


Iwo to Write Current Gain 


Write Current Range 


Write Current Tolerance 20 <ly <40mA 


Open Head, lw = 40mA, 
Voc = 4.5V, Veg = -2.7V 


Unselected Head Transition Current 
Differential Output Capacitance k 
i 


Differential Output Resistance 


Differential Head Voltage Swing 


al damping resistor) 


Open Head Detect Frequency en Head 


Open Head Detect Resistance lw = 40MA, Voc = 4.6V 


Write Data Freq. for Safe Condition FLT low, < 5kQ pullup 


= 


. Open Head Detection is guaranteed up to a frequency of 17MHz and typically operates to 20MHz. 
2. Open Head Detection is guaranteed up to a head resistance of 26Q and typically operates to 35Q. 


SWITCHING CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. ly = 30mA, L,= 220nH, Ry = 15Q, fpoat, = SMHz. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Read to Write Mode trw To 90% of write current 0.1 0.15 us 
Write to Read Mode twa oe. oe ane Seon ot 1.4 2.0 us 
Idle to Read Mode tcs idee ei ane emt 13 20 us 
HS0-3 to Any Head tus Uaioe anereomy of 3 5 us 
Read to idle tay oe of read envelope or write 0.4 0.5 us 
Safe to Unsafe* to ine pat obte EPI: 0.7 1.5 us 
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SWITCHING CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. ly = 30mA, L,= 220nH, Ry = 15Q, fpoat, = SMHz. 


PARAMETER CONDITIONS 


50% WDX to 50% FLT, 


1 
Unsafe to Safe < 5kQ pullup 


no 
= 
o 
= 
=u 
a 
a 


Head Current Propagation Delay* From 50% points 


Write Data has 50% duty cycle & 


Asyminetty 1ns rise/fall time, Ly=0, Ry=0 


20-80% 
Rise/Fall Time 


10-90% 


1. See Figures 12 and 13 for write mode timing diagrams. 


WDX - WDY | a a \. 
= toi 
FLT 
= RG 
ae é ae ye a 


Figure 12 Write Mode Timing Diagram (with flip-flop & 
Note: The write current polarity is toggled on ea to low transition of the expression (WDX - WDY). 


A preceding read operation mney so that upon entering the write mode, current flows into the “X” port. 


wox-woY \\ / \ / \_/ (a on 
= to1 
a a 
SS Bee 
D3 
BG = . ae a 


Figure 13 Write Mode Timing Diagram (without flip-flop) 


Note: Without the flip-flop, the write current polarity is defined by the levels of WDX and WDY (shown in the expression WDX - WDY). 
For WDX>WDY current flows into the “X” port; for WODX<WDY current flows into the “Y” port. 
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TYPICAL APPLICATION CONNECTIONS 


a] 
i 
25 BSEa BSEG SSE BEES 
u SS0c Ssecssaersscn 
(dp) ee cae oe a a ca ca ibe can sag ager a a cage Ta 
OOOO}OOoOoooojo000 
_o cap —-| i 63. 
0.022 wF* — —— 0.01 pF* 
can —-{] [}H— vec 
HR7P 5 aH Hw2y +5V 
HR7N a Gy— HWex ye 
HW7X A ae Gy HWen 
HW7Y 5 Die Size Gy— Hwep 
HR8P a] " " Gi HW1yY 
HR8N A 0.157" x 0.197 5 HWix 
HW8X A GH HWIN 
HW8Y A : HH HW1P 
HRP 5 See Pad Coordinates Sil_ Hwoy 
HRON 5 GH Hwox 
HW9X 6 GH_— HWON 
HW9Y za cH HwoP 
end +I] Gt Rw 
NTFF +o Q FAST 
i 1G) qi [ iL } 't jal TT TL Ga if 
Tt rtd 
OR X> WO mS OPNTS Qa GZ2 
Sn 82 Us CR TEES ae aes 
SkQaS, Ss 
+5V 3V 
| | i 
| 
0.1 uF * 


Application Notes 
* Voc = +5V, GND = Ground, Veg = -3 
* Both VCC pads are electrically-connec n the die, but external connection is preferred for noise immunity. 


Minimizing parasitics at this node is vital. Place a high quality (low resistance, low inductance) capacitor as close to the die as 
possible. 
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Specific Characteristics 
Die size: 192 X 191 Mils 
Pad Coordinates for the V10615 (in Mils) 


Pad Name X Axis Y Axis 
BHV - 140.0 -1727.75 
C1 - 381.0 -1727.75 
C2N -2357.5 1341.75 
C2P -2357.5 1707.75 
C3 2357.5 1607.75 
CS 2156.0 -1727.75 
FAST 2288.5 -1511.75 
FLT -1972.5 -1727.75 
GND -2288.0 -1210.25 
GND -1143.5 -1727.75 
HRON 2357.5 - 839.25 
HROP 2357.5 -1019.25 
HR1N 2357.5 - 74.25 
HR1P 2357.5 - 254.25 
HR2N 2357.5 690.75 
HR2P 2357.5 510.75 
HR3N 1237.0 1852.7 
HR3P 1417.0 1852.7 
HR4N 472.0 1852.75 
HR4P 652.0 1852.75 
HR5N - 292.0 1852.75 
HR5P - 112.0 1852.75 
HR6N -1057.0 1852.75 
HR6P - 877.0 1852.75 
HR7N -2357.5 920.75 
HR7P -2357.5 1100.75 
HR8N -2357.5 155.75 
HR8P -2357.5 335.75 
HR9ON -2357.5 - 609.25 
HR9P -2357.5 - 429.25 
HSO 785.0 -1727.75 
HS1 619.0 -1727.75 
HS2 322.5 -1727.75 
HS3 156.5 -1727.75 
HWOX 2357.5 - 659.25 
HWOY 2357.5 - 479.25 
HW1X 2357.5 105.75 
HW1Y 2357.5 285.75 


V10615 


10-CHANNEL DIE 


Pad Name X Axis Y Axis 
HWe2xX 2357.5 870.75 
HW2Y 2357.5 1050.75 
HW3X 1057.0 1852.75 
HW3Y 877.0 1852.75 
HW4X 292.0 1852.75 
HW4Y 112.0 1852.75 
HW5X - 472.0 1852.75 
HW5Y - 652.0 1852.75 
HW6X -1237.0 1852.75 
HW6Y -1417.0 1852.75 
HW7X - 740.75 
HW7 1G 5 560.75 
H -2357.5 - 24.25 

-2357.5 - 204.25 

-2357.5 - 789.25 

HW9Y -2357.5 - 969.25 
NTFF -2288.5 -1451.25 
R/W 2288.5 -1215.25 
RC 1156.5 -1727.75 
RDN 1860.0 -1727.75 
RDP 1694.0 -1727.75 
VCC -2213.5 -1727.75 
VCC 2357.5 1291.75 
WC - 827.0 -1727.75 
WDX -1617.0 -1727.75 
WDY -1437.0 -1727.75 
WSER 1397.5 -1727.75 
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VO VTC Inc. MAGNETO-RESISTIVE HEAD 
we Value The Customer™ 3 
PROGRAMMABLE READ/WRITE 
PREAMPLIFIER with SERVO WRITE 
7) 
= 
990811 ADVANCE INFORMATION August 12, 1999 [aed 
cc 
FEATURES BLOCK DIAGRAM a 
* General GND vcC  vDD 
- Designed for Use With Four-Terminal MR/GMR Heads O O O 
- 3-Line Serial Interface WOK Ane 
(Provides Programmable Bias Current, Write Current, Head rae a [.. oP 
Selection, Thermal Asperity, and Servo Operation) © Hwoy 
- Operates from +8 and +5 Volt Power Supplies Write _ f_ eix 
- 2.5/3.3V CMOS Compatible Logic Interface panhes cat ibaa 
- Fault Detection Capability = ‘fe 
- Available in a 30 or 38-pin VSOP or TSSOP Packages i > —O . 
* High Performance Reader a ie 
- Current Bias / Current Sense Architecture MR Bias Current rp iwex 
- MR Bias Current 5-bit DAC, 2 - 9.75 mA Range To 
- Programmable Read Voltage Gain Write Current F- atx 
(112 V/V or 150 V/V typical, 150/190 V/V option available) Pa HW 
: Thermal Asperity A 
- Thermal Asperity Detection and Detection Threshold 
Fast Recovery Compensation SPe Oo 
- Analog and Digital Buffered Head Voltage (ABHV/DBHV) SPD O- Servo Enable Y 
Measurement Modes SPE Q— Faure [PLT 
- Input Noise = 0.6 nV/VHz Typical Sleep / Idle / Gain I 
(Rur=45Q, Imp=8mA) RWN Oj 
- High Bandwidth = 270 MHz Minimum Head Select 
(Ryp=45Q, -3dB) BIASN 6-1 : 
- Power Supply Rejection Ratio = (60 dB (1 < f < 100 MHz)) Serial Controller 
- Dual Reader Input with One Side Grounded Externally 
¢ High Speed Writer 
- Write Current 5-bit DAC, 15 - 60 mA Range 
- Rise Time = 0.8 ns Typical, ly=40 mA y 
(for Real Head Model having L+o7=85 nH) HROP (y¥—— be €) RDP 
- Multi-Channel Servo Write HRIP Cj RDN 
F oO 7 ~—t 
DESCRIPTION -_O— 8 
The VM5131 is a high-performance read/write preamplifier “Oo « 
designed for use with 4-terminal magneto-resistive recording HR6P (yj 3 
heads in low-power applications. The VM5131 operates from HR7P Cy—— << MR L_&) cap 
+8V and +5V power supplies. This device provides write current moment 
to the write current drivers, DC bias current for the MR head, 
read and write fault detection, and multi-channel servo write. l 
This device also provides low voltage power supply detection np 
and power-saving idle and sleep modes. 


Programmability of the VM5131 is achieved through a 3-line 
serial interface. Programmable parameters include MR bias 
current, write current, head selection, thermal asperity detection 
threshold and servo operation. 

Available as a 4-channel part in a 30-pin TSSOP package or 
as a 6-channel part in a 38-pin TSSOP package. Please consult 
VTC for other channel-count and/or package availability. 
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ABSOLUTE MAXIMUM RATINGS 


Power Supply: 


VGGt. nseninhncos nacrhsedhtnchtagocwasahtenssmanne panismtenbontaneny -0.3V to +7V 
Vip. sees vecbinedentvieeunvesatiedenniddennisanbavdewnienaniders -0.3V to +10V 
Read Bias Current, Iya ...-ee eee cee ee eeee eee ee eeee eee ee eee een ee ae eeen ee 12mA 
Write Current, ly ........:.:cceeceeeeeceeeee eee ee eeee eee ceeaeeeeeeeeaeeeas 65mA 


Input Voltages: 

Digital Input Voltage, Vin 
Head Port Voltage, Vi, 
Output Current: 

RDP, RDN: Io 
Junction Temperature, Ty ...........:ccceeeceeeeeeeeceeeeeeeeeeeaee ees 150°C 
Storage Temperature, T gig ......:::ecceeeeeeeeeeeeeeeeeeeee 
Thermal Characteristics, Oj,: 


-0.3V to (Vo¢ + 0.3)V 
-0.3V to (Veg + 0.3)V 


SO0=l6ad) VSOP. sicich vesenicanrenkssaniannceconenteatanesancencann 101°C/W 

S8-IGAd| VSOP» oso: cct@icedsennceadndusaadatandapaamisacdatnaderadn 88°C/W 

48-lead TQFP: idscsstans veya stuns acectnaectaweuntvadaoks aabeanenes 75°C/W 
RECOMMENDED OPERATING CONDITIONS 
Power Supply Voltage: 

Veg). talMiasesideesnieduincddcnetuadsecaieensgeiadcsmeaameapeeas +5V + 10% 

Wop: - skgeteneaienginaediniviads Mek tadettea shat patdganaetankadeeeh +8V + 10% 
Wiite- Current, Wijctiacinthsciednaniancatinndkaiersbiatebesabdtae ands 15-60 mA 
Write Head Inductance, Ly .........:.:ececeeeeeeeeeeeeeee es 60 - 160 nH 
Write Head Resistance, Ry .........-.:.:::eceeeeeeeeeeee eee eeeeee 5-250 
Read Bias Current, Iya... cee cee eee eee eee eee eee cece eee eee 2-9.75 mA 
Read Head Inductance, Lyp .........eeceeeeeeee eee ee eee eeee eee 20 - 40 nH 
Read Head Resistance, Ryp.........eccceeeeeeeeeeeeeeeeeee eens 25 - 800 
MR Bias Loop Compensation, CAP.................ccceeeeeeee eee ee 22 nF 


Junction Temperature, Ty ............: cece ceeeee eee ee eee 


OPERATIONAL MODES 


Read Mode 
In the read mode, the circuit operates as a low noise, single- 


ended amplifier which senses resistance changes in the MR 


element that correspond to magnetic field changes on the disk. 
The VM5131 uses the current-bias/current-sensing MR 


architecture. The magnitude of the bias current ranges from 
2 - 9.75 mA and is governed by the following equation: 


IMR = 2+0.25(Kiyip) (eq. 7) 


lp represents the bias current flowing to the MR element (in mA). 
kip represents the MR bias DAC setting (0 to 31) in 1:<D3-D7>. 

A high level signal applied to the R/WN pin and a low level 
signal applied to the BIASN pin (along with the appropriate 
levels on the IDLEB and SLPB bits) places the preamp in the 
read mode and activates the read fault detection circuitry (see 


Table 12). 
Passing the magnetic media by the MR element causes MR 


resistance changes as a result of changes in the magnetic field. 
The change in resistance is sensed as a change in current within 
the preamp, and this current change is converted to a differential 
voltage that is amplified prior to being output to the RDX and 
RDY pins. 
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MR Bias Current Enable 
Taking the BIASN pin low in read mode enables MR bias 


current to the selected head. 

Taking the BIASN pin high in read mode directs the MR bias 
current to an internal dummy head and common-mode clamps 
the reader output. The MR bias current source and the MR bias 
control loop remain active. 

The bias current is switched to a 20Q dummy load during head 
selection. This allows the bias current to increase from a low bias 
to the targeted bias current. 

Gain and Boost Bits 

The GAIN bit (4:<D2>) selects high or low signal gain. The 

BOOST bit (4:<D4>) increases read gain by 3dB at 80Mhz. 


(eq. 8) 


Av represents the Differential Voltage Gain in V/V 
Where k = 5390 for low gain or 7219 for high gain. 
Ip is in mA. 


MR Head Switch Overvoltage Control 

The preamp controls the bias current loop capacitor voltage 
during head switching or modal transitions, in order to prevent 
overvoltage of the MR element. 

When switching between heads, changing Ip, or in any mode 
where the bias current becomes disabled (Write or Idle modes, 
or BIASN pin set high in Read mode), the MR bias current is 
diverted from the MR head while the bias current loop capacitor 
voltage is quickly discharged to a V,_. above ground. This 
ensures that the MR head voltage always rises from a safe 
voltage to the specific Ima*Rur_- 


Write Mode 
In the write mode, the circuit operates as a thin-film write- 
current switch, driving the thin-film write element of the MR head. 
The magnitude of the write current ranges from 15 - 59.95 mA. 
The following equation governs the write current magnitude: 


lw = 15+ 1.45(kKyw) (eq. 9) 


lw represents the write current flowing to the selected head (in mA). 
kjyw represents the write current DAC setting (0 to 31) in 2:<D0-D4>. 


A low level applied to R/WN pin (along with the appropriate 
levels on the IDLEB and SLPB bits) places the preamp in the 
write mode (see Table 12). The write data signals on the WDX 
and WDY lines drive the current switch to the thin film writer. 
Write current polarity is defined in Figure 26. 

MR Bias Current Enable 

Taking the BIASN pin low in write mode enables MR bias 
current to the selected head. The read circuitry is in its normal 
“read” state except that the reader outputs are clamped to 
maintain their common-mode voltage. 

Taking the BIASN pin high in write mode directs the MR bias 
current to an internal dummy head and common-mode clamps 
the reader output. The MR bias current source and the MR bias 
control loop remain active. 
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Write Current Waveform Shaping Control 
The write current waveform can be shaped using the control 


bits in register 5. The OSD bit (5:<D1>) selects an increase 

(OSD = 0) or decrease (OSD = 1) in the amplitude of the 

overshoot. The OSC bits (5:<D2-D4> select the percentage of 

overshoot. The USC bits (5:<D5-D7> select the percentage of 
undershoot. 

Note: The overshoot or undershoot induced by the register set- 
tings is dependent on write load and current settings. See 
Tables 16 and 17, and Figures 17 through 20 for 
examples. 


Servo Write Mode 
In the servo write mode, the even, odd or all channels of the 
VM5131 are written simultaneously. The reader circuitry is 
shutdown during servo mode to reduce power consumption and 
the associated heat. 
MR head fault detection and reporting are disabled during 
Servo Write Mode. 
Servo mode is initiated by a seven-step process (see Table 
12): 
Select Head 0, 2, 3, 4 or 6 (‘none’ in Servo Bank Write). 
Select Read mode by setting R/WN pin high. 
Set the SBWO bit (4:<D5>) toa’1’. 
Set the SBW1 bit (2:<D7>) toa’1’. 
Set the SBWO bit to a ’0’ to initiate Servo mode. 
Select Heads 1, 5 or 7 (‘odd’, ‘all’ or ‘even’ in Servo 
Bank Write). a 
7) Set R/WN pin high to enable servo write current. 3 
1. This step prevents an overvoltage spike to the MR heads when servo 
mode is entered. 
2. The HSO-HS2 register bits (1:<D0-D2>) determine which heads are written 
(see Table 13). 
3. R/WN pin enables or disables write current to the heads but does not affect 
the servo mode. 
To exit Servo mode, set SBW1 to ’0’. 
Note: The customer is responsible for ensuring that the thermal 
constraints of the package are not exceeded. 
This may be achieved by lowering the supply voltage, 
reducing the write current, cooling the package or limiting 
the servo write active duty cycle. 
If Vpp<7.2V, the LVDIS bit (2:<D6>)must be set to ’1’ in 
order to continue to write or read. 


MR Bias Voltage Enable 
Taking the BIASN pin low in servo write mode applies a 


common voltage bias to all selected heads, see Table 13. The 
magnitude of this bias voltage ranges from 25 to 226.5 mV and 
is governed by the following equation: 


wo VM 


) 
) 
) 
) 
) 
) 


View = 2546 5lkepige) (eq. 10) 


where Vip, represents bias voltage applied to the selected MR element (in mV) 
kvur represents the MR bias DAC setting (0 to 31) in 1:<D3-D7>. 


Taking the BIASN pin high in servo write mode disables MR 
head bias. 

MR head fault detection and reporting are disabled during 
Servo Write mode. 


Idle Mode 

Setting the IDLEB bit low (4:<D1>) and SLPB bit high (4:<D0>) 
places the preamp in Idle mode (see Table 12). Only the serial 
register, bias circuitry and dummy head cell remain active. 
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The MR bias current source is active and the MR bias current 
is directed to an internal dummy head. The MR bias current 
control loop is active and the reader output is clamped at the 
common-mode voltage. 


Sleep Mode 

Setting the SLPB bit low (4:<D0>) places the preamp in Sleep 
mode (see Table 12). All circuits are inactivated to achieve 
minimal power dissipation. Only the serial register remains 
active. 

Note: Transitions from Sleep mode to Read mode should 
always be made by first entering the Idle mode for a min- 
imum of 300us. 

Note: After a transition from Sleep mode to Idle mode, the Fault 
Register (register 6) must be written. This initializes the 
register to a defined or cleared state. 


Table 12 Mode Select 


BIASN| Servo 


MODE 


Read 
Bias Disabled 


Read 
Bias Enabled 


Write 
Bias Disabled 


Write 
Bias Enabled 


Servo ! 


Servo | 
Bias Enabled 


Idle 
Bias Disabled 


Sleep 


1. Servo Write Mode on page 29 describes the process for initiating. 


Table 13 Head Select 


HS2 HS1 HSO Normal Servo 
1:<D2> 1:<D1> 1:<DO>_ | Write/Read | Bank Write 

0 0 0 0 none 
0 0 1 1 odd 
0 1 0 2 none 
0 1 1 3 none 
1 0 0 4 none 
1 0 1 5 all 

1 1 0 6 none 
1 1 1 7 even 


1. If Head Selected > Channel Count - 1, an Invalid Head Select fault will be 
reported. 
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ESD PROTECTION FOR MR HEAD 
Characteristics for ESD diodes at MRP pins are: 
Ron = 2Q, C = 0.3pF, toy = 0.6ps. 


MRP 


a) 
a) 
fe 
20 
U 
n 


Figure 14 ESD Protection of MR Heads 


FAULT HANDLING 
Conditions triggering faults, and status and reporting during the fault are listed in Table 14. Non-fault conditions are indicated by a 
dash, the fault pin level for this condition is that of a safe condition (e.g., Open MR Head in Idle mode, FLT = H). 


Table 14 Fault Table 


FLT pin level by Mode ' Register:Bit 7 
FAULT CONDITION Read?| Write | Servo | Idle | Sleep Setting 
None Safe H L L H H — 
TEMP bit = 1, = : = 
He Die temperature > 135°C L H a ps B0e > 
Voc < 3.8V; 4 4,5 5,6 = = 
EON ce Resets when Vgc > 4.1V . i 4 . 
LVDIS bit = 0, 
Vpp < 6.1V; L* | H4#5 | HS L — 6:<D1> = 1 
Low Vpp Resets when Vpp > 6.4V 
LVDIS bit = 1 H iE L _— — 6:<D1>=0 
Open MR Head BIASN pin = L, VMR > 950 mV L? — _ — — 6:<D2> = 1 
Shorted MR Head BIASN pin = L, VMR < 50 mV L? — _ — = 6:<D3> = 1 
Invalid Head Select Head Selected > Channel Count - 1 Ls H® — = = = 
(AV across write element > 2.5V 
at next WDX/WDY transition, 
where AV = Ropentiead”!w 
: . 8 6:<D4> = 1 
Open/Shorted Write Head] Head resistance to GND <15Q) — H — — — : 
AND 6:<D5> = 1 
(WDX/WDY transition spacing > 
Open/Shorted Write Head Blanking 
Time) 
Low Write Frequency 1.5 us typical between transitions — H _— — _ 6:<D6> = 1 
: BIASN pin = L, TA DAC > 0, 
TptmahASpenly (RDP-RDN) > TA Threshold LC = Ml ae ae = 


1. L = FLT pin low, H = FLT pin high impedance - pulled to level set by external pull-up resistor. 

2. A serial port write to register 6, a SRLatch register, resets all bits in register 6 to ‘0’. 

3. Read faults are disabled if MRM is enabled (4:<D3> = 1). 

4. MR bias current disabled to MR head. Bias loop capacitor maintained for optimal recovery and at a low voltage to prevent MR element overvoltage. 

5. Write current is disabled until the fault is cleared. 

6. Vr is not disabled. 

7. An open or shorted head fault is latched on the FLT line and the head voltage is clamped to a safe low voltage. The FLT latch and head voltage clamp are cleared by 
a change in head selection or Ip, or a mode switch. 

8. Two WDX/WDY transitions may be required to clear the FLT line after the fault has cleared. 
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Other Features Utilizing FLT Pin 
Three bits (MRM, ABHV, TEMP) affect the FLT pin output. Table 15 defines the function of the output on the FLT pin. 


Table 15 FLT Pin Output Functions 


Setting Function TEMP 4:<D7> | ABHV 4:<D6> | MRM 4:<D3> " g 
1 Normal Fault Reporting ' 0 0 0 = ul 
2 DBHV - MR Measurement Mode 0 0 1 a 
3 ABHV - Analog Buffered Head Voltage 0 1 0 
4 Not Valid 0 1 1 


Hot Fault Reporting Enabled 


2 (in addition to Normal Fault Reporting) : ? ” 
6 Not Valid 1 0 1 
7 Analog Temperature 1 1 0 
8 Not Valid 1 1 1 


1. As defined in Table 14. 


MR Measurement / Digital Buffered Head Voltage (DBHV) 
Setting the MRM bit high (4:<D3>) while the TEMP and ABHV bits are low allows the digital buffered head voltage (DBHV) to be 


represented on the FLT pin. 

The FLT output is low when the MR bias current is set to a level that causes the Iyea-Ru_ product to exceed the threshold level as 
determined by the TA/DBHV DAC (3:<D6-D0>). The FLT output is high when the Iya-Rur, product falls below this level. 
Note: The FLT line is not valid for 2us after changing the TA/DBHV DAC. 


DBHV = 6(ky,) (eq. 11) 


DBHV represents the voltage level from the MR element (in mV). 
kr, represents the TA/DBHV DAC setting (7 to 127) in 3:<D0-D6>. 
The threshold settings in TA/DBHV DAC (0 to 6) cannot be detected. 
MR Measurement Mode Procedure 
Set a fixed IMR bias current and decrease the TA/DBHV DAC settings until the FLT pin goes low. Example: IMR = 6mA, TA/DBHV 
DAC setting to cause FLT low = 330mV, then MR resistance = 55Q (330/6). 
Analog Buffered Head Voltage (ABHV) 
Setting the ABHV bit high (4:<D6>) while the MRM and TEMP bits are low allows an amplified representation of the MR bias voltage 
to be multiplexed on the FLT pin. (The external pullup resistor must be removed for this mode.) The voltage is defined by the equation: 


Veuv = 9Ume’ Rue) (eq. 12) 


Analog Temperature 
Setting the ABHV and TEMP bits high while MRM is low multiplexes the voltage representation of the die temperature on the FLT 


pin. (Note: The external resistor must be removed for this mode of operation.) A voltage (1V to 3V) on the FLT pin represents the die 
temperature (0°C to 200°C) given by the equation: 


TEMP(°C) = (V—1)x 100 (eq. 13) 


Where V = voltage (1V to 3V) at FLT pin. 
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THERMAL ASPERITY DETECTION AND COMPENSATION 

A thermal asperity (caused by the collision of the MR element with the media) is characterized by a large amplitude disturbance in 
the readback signal followed by an exponential decay. The thermal asperity may result in a positive or negative signal disturbance. 
Figure 15 displays the reader output for an uncompensated, positive thermal asperity event. 


Amplitude 


RDP - 
RDN 


Nz Time 


Figure 15 Thermal Asperity Event 


Recovery from this large disturbance in the data path can take a relatively large amount of time (typically several microseconds) 
without detection and correction. The VM5131 implements both a programmable detection threshold and fast recovery compensation 
for positive, and positive or negative (dual direction) disturbances. 
Detection 

Programming a non-zero TA detection threshold value (3:<D6-D0>) allows the TA detection circuitry to detect a positive asperity 
event. Setting the Dual Direction TA bit (7:<D7> = 1) allows detection of positive and negative asperity events. The threshold for 
thermal asperity detection is output-referred, has a range of 6 - 762 mV and is governed by the following formula: 


TAjevel 7 6(ky 4) (eq. 14) 


TAlevei represents the voltage level from the MR element (in mV). 
kr, represents the TA DAC setting (1 to 127) in 3:<D0-D6> 


TA detection is turned off when the TA detection threshold value is zero (3:<D6-DO> = 0). 
Reporting 

Whenever a thermal asperity event is detected, it is reported as a low (’0’) on the FLT pin. 
Compensation and Fast Recovery 

When the TAC bit is enabled (3:<D7> = 1), thermal asperity compensation mode is initiated if a thermal asperity is detected. 
Note: Setting the TAC bit off (3:<D7> = 0) makes it possible to use the preamp simply as a thermal asperity detector and allow the 

channel to control the low corner frequency movement. 

When activated, Fast Recovery and Compensation raises the nominal 500 KHz lower -3dB corner frequency to approximately 10 
MHz until the RDP-RDN output baseline is restored. This adjustment removes the low frequency component of the asperity event and 
allows the preamp to reach its DC operating point rapidly after a thermal asperity occurrence (ensuring complete output recovery within 
nanoseconds rather than microseconds; see Figure 16). Additional TA events during tps will not be compensated. 


@ 
3 
2 
a 
€ 
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TA Detection 
Threshold 


RDP 
Baseline 
RDN 


Time 


Figure 16 TA Detection and Compensation 


After the RDP-RDN output baseline is restored, the preamp reinstates the lower -3dB corner frequency. 
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WRITE CURRENT WAVEFORM SHAPING 

Tables 16 and 17 summarize write current simulations at both 40 and 60 mA with the load as shown in Figure 17 . The family of 
curves in Figures 18 through 20 depict the response of programmable overshoot and undershoot under nominal conditions (nominal 
process, Vpp = 8V, Voc = BV, and T = 75°C). For the calculations of over/undershoot, lw is the write current amplitude from base (OmA) 


to the settled point (write current setting in mA). The write current is the current in R2 in the head model depicted in Figure 17. es 2 
Table 16 Write Current Overshoot Control - ra 
lw = 40 mA lw = 60 mA 
ed Pd yaad yay % Change % Change 
5:D1 | 5:D4 | 5:D3 | 5:D2 | Overshoot %1 an 000'2_ | Overshoot % q pantooor® 
0 0 0 0 90 0 53 0 
0 0 0 1 95 5 57 3 
0 0 1 0 103 13 62 8 
0 0 1 1 110 20 67 13 
0 1 0 0 118 28 70 17 
0 1 0 1 128 38 73 20 
0 1 1 0 133 43 75 22 
0 1 1 1 138 48 77 23 
1 0 0 0 90 0 53 0 
1 0 0 1 73 -18 45 -8 
1 0 1 0 60 -30 40 -13 
1 0 1 1 55 -35 37 -17 
1 1 0 0 48 -43 30 -23 
1 1 0 1 40 -50 25 -28 
1 1 1 0 35 -55 20 -33 
1 1 1 1 33 -58 17 -37 
1. Overshoot % = (Overshoot/Iw - 1)*100 
2. ‘000’ = Natural Response for Iw in R2 
Table 17 Write Current Undershoot Control 
lw = 40 mA lw = 60 mA 
ne ane yor % Change % Change 
5:D7 | 5:D6 | 5:D5 |Undershoot % ' hon ‘000'2 | Undershoot % 1 iors 0042 
0 0 0 -23 0 -18 0 
0 0 1 -15 8 -10 8 
0 1 0 -10 13 -8 10 
0 1 1 -5 18 -7 12 
1 0 0 23 -5 13 
1 0 1 28 -3 15 
1 1 0 30 -2 17 
1 1 1 10 33 0 18 


1. Undershoot % = (Undershoot/Iw - 1)*100 
2. ‘000’ = Natural Response for lw in R2 
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Figure 17 Writer Head Model 


199, x1979 


Overshoot JJ 


Figure 18 Simulation Of The Programmable Overshoot at lw=40mA Under Nominal Conditions (nom process, +8,+5V power, 
75°C) 
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Figure 19 Simulation Of The Programmable Overshoot at lw=60mA Under Nominal Conditions (nom process, +8,+5V power, 
75°C) 
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Figure 20 Simulation Of The Programmable Undershoot at lw=40 and 60mA Under Nominal Conditions (nom process, +8,+5V 
power, 75°C) 
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PINNED LAYER REVERSAL MODE 

Pinned Layer Reversal (PLR) mode provides a means to correct GMR heads that are affected by a reversed pinned layer. When the 
preamp is placed in the PLR mode, a positive reset pulse can be applied to the selected head. The external BIASN pin is used to 
control the timing of the delivery of the reset pulse to the GMR element. Several control bits are provided to shape the reset pulse. 
These controls include pulse amplitude, duration and decay rate. (See PINNED LAYER REVERSAL CHARACTERISTICS on page 
52 for specifications.) 
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PLR Reset Pulse Controls 
The amplitude of the reset pulse ranges from 0.4 to 1.64 V and is governed by the following equation: 


Vereser = 0.4 + 0.04(kp; R) (eq. 15) 


where Vpeser represents the reset pulse voltage amplitude 
kp. represents the |W DAC setting (0 to 31) in 2:<D0-D4>. 
Note that the MR heads ESD diodes may limit the maximum Veeser amplitude achieved to around 1.4V. 
The reset pulse duration and decay time are determined by the settings of the PLRPW bits (7:<D2-D3>) as shown in Table 18 and 
the PLRDT bits (7:<D0-D1>) as shown in Table 19. 


Table 18 PLR Reset Pulse Width 


ee ‘oh a Me ° PLR Pulse Width (ns) 
0 0 50 
0 1 100 
1 0 150 
1 1 200 

Table 19 PLR Reset Pulse Decay Rate 

de ie ari ie PLR Decay Rate (mV/ns) 
0 0 7 
0 1 4.67 
1 0 2.33 
1 1 1.75 


PLR Timing and Event Description 


Figure 21 depicts a timing diagram for the PLR mode. The steps involved are: 
1) Set up VRESET via IW DAC, IMR, PLRPW and PLRDT, and select the head to be reset while in Idle or Read mode. 
) Enter the Read mode by setting IDLEB bit to ‘1’. Bring BIASN high to disable MR head bias. 
3) Enter PLR mode by setting PLREN bit 7:<D4> to ‘1’. 
) After a minimum time tagu, bring BIASN low to trigger the pulse. 
Note: The PLR trigger depends on the sequence PLREN set to ‘1’ followed by a high to low transition of the BIASN pin. 
Subsequent high to low transitions of BIASN will not retrigger the PLR mode. 
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5) Exit the PLR mode after a minimum time ten, by setting PLREN bit to ‘0’. 
The device returns to Read mode, in which the state of the BIASN pin controls MR head bias. 


Mode Idle Read PLR Read 
[ Arm 
| ¢ Trigger 
i , Exit 
SPE 
! 
PLREN | 
1 | 
BIASN 
| 'aPLRPW | 
Vv || NePLRDT | 
VMR RESE 
OV. Al | 
taam ie Ite 


Figure 21 PLR Timing Diagram 


VM5131 SERIAL PORT INTERFACE AND CONTROL REGISTERS 

The serial port interface and the associated control registers provide programming and monitoring of the VM5131 circuitry. The 
interface handles the communication between a system control chip and the VM5131 via a three wire interface and related protocols. 
The control registers hold programming data written to the VM5131 and provide readback monitoring of data held or generated within 


the VM5131. 
Note: If serial port activity is performed during Read mode, crosstalk to the reader output may result. 


Serial Port Interface 

The serial port interface provides for both writing data to and reading data from the VM5131. Its three pins are: 

* SPC (Serial Port Clock) synchronizes the transfer. 

« SPD (Serial Port Data) is the bi-directional data pin. 

* SPE (Serial Port Enable) enables and disables a serial transfer. 

All data writes or reads are enabled by setting SPE = 1 after which the SPC clocks data in or out via the SPD. 
Writing to the Serial Port 

A data transfer is initiated by setting SPE = ‘1’. A write data packet is structured as a 16-bit word: ‘0’ for writing + 3 page address bits 
+ 4 byte address bits + 8 programming data bits. 

Each rising edge of SPC clocks data into the serial port interface. For valid data transfers, data are loaded into a designated register 
location upon the falling edge of SPE. Only the first 16 SPC rising edges after SPE goes high are recognized by the serial port interface. 
Any SPC rising edges after the first 16 are ignored. If less than 16 clock pulses are provided before SPE goes low, the data transfer 


is aborted. 
Figure 22 shows the protocol for a write transfer operation. Refer to Table 20 and Figure 24 for timing specifications for the serial 


port interface. 


SPE __{I[| — 
sPD 7///)RM/so \s1_s2 (a0 Kat Ya2 Yas XDo \D1 \D2 \Ds \D4 \Ds (D6 \D7 W477 
a Bs ol a lo) Ba a so as go 


Figure 22 Write Protocol for 3-Write Serial Port Interface 


Readback from the Serial Port 

The read data packet is structured as: '1’ for reading + 3 page address bits + 4 byte address bits + 8 data bits. To perform a read 
instruction, first set SPE =1 and then input the read instruction bit ‘1’, the 3-bit page address, and the 4-bit byte address. The 8-bits at 
the specified register address are subsequently clocked out at the SPD pin. 

Each rising edge of SPC clocks the instruction bit and the address bits into the serial port interface and the rising SPC edge also 
clocks out the data information. The SPE falling edge returns the SPD pin to an input pin state. The serial port interface drives the SPD 
pin only if the page address matches that of the VM5131. 

Figure 23 shows the protocol for a read transfer operation. Refer to Table 20 and Figure 24 for timing specifications for the serial 
port interface. 
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Figure 23 Read Protocol for 3-Wire Serial Port Interface 
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Table 20 Serial Port Interface Timing Specifications 
PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Write operation 25 MHz 
SPC Frequency fspc 
Readback operation 12.5 MHz 
Write operation 14 ns 
SPC High Time tspcH 
Readback operation 32 ns 
Write operation 14 ns 
SPC Low Time tspcL 
Readback operation 32 ns 
SPE Rise Setup Time tser Relative to SPC rising edge 10 ns 
SPE Rise Hold Time tuer Relative to SPC rising edge 10 ns 
SPE Fall Hold Time tuet Relative to SPC rising edge 10 ns 
SPD Setup Time tsp Data input relative to SPC rising edge 10 ns 
SPD Hold Time tub Data input relative to SPC rising edge 10 ns 
SPD Prop Delay tppp Data output relative to SPC rising edge 16 ns 
: Time to take control of SPD relative to 
SPD Enable Time tpzp SPC rising edge 16 ns 
. . Time to release control of SPD relative to 
SPD Disable Time tppz SPE falling edge 16 ns 
SPE Low Time tspeL Between transmissions 1/fspc ns 
SPE SPE | 
tepp H 
iz 2 " 
SPD THspq_tgpon tere SPD \ A Jee D l D --- \ D! 
> trem ic 1 
' ' ' ' ' ' ; ! to > | 
i} t t 
sec LF LE LE LF Lt Ut seo TFLALALt = 
' ' ' i} i ' > it i ' 
tpzp 
tse, tgpeL 
1p Le ii 
SPE -+ | i SPE 
uw ia | { tsp tup 
“1 rn 1 Pit we 
spo 77 }iw \_--_\ 8} 4— spo ¥_ Yi Xi YX 
sec LALA Lt LALA LU spc |) | 
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Figure 24 Timing Diagrams for 3-Wire Serial Port Interface 
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Control Registers 

Control registers provide for storage and readback of programming data (i.e., an SRAM type function) and for monitoring of 
information generated (i.e., SRLatch type function) or hard-coded within the VM5131 (i.e., a ROM type function). The control registers 
are organized in byte-wide segments, each byte being either an SRAM-type, a ROM-type, or a SRLatch-type. 

The addressing scheme for an entire system is as follows. There are 7 bits of address in a system. The first 3 bits, SO-S2, determine 
the page address, while the last 4 bits, AO-A4, determine a particular byte address within a page. A system may have a total of 8 pages 
with a total of 16 bytes per page. Each chip in the system is assigned one or more full pages (the VM5131 has a single page). All 16 
bytes within each assigned page need not be used. Unused bytes within a chip’s page are reserved for possible future use within the 
assigned chip; they may not be reassigned within the system. 

Data written to an unused byte or page address is ignored. Reading from an unused byte in a valid page results in a logic ‘1’ on the 
SPD line. However, reading from an invalid page address results in no data being transmitted, as the SPD output driver remains turned 
off until a valid page is addressed. When data is to be read from a valid page address all other chips must keep their SPD output drivers 
turned off and allow the chip assigned that page address sole control of the SPD line. 

VM5131 control registers extend across one page address. The page address is S<0:2> = 1 (001,) and it contains byte addresses 
0 (0000,) to 15 (1111,), but not all 16 bytes are used. Table 21 depicts register bit assignments and Table 22 explains the defined 
register bits. All SRAM and SRLatch registers are set to logic ‘0’ at power-up. Register 0, a ROM type, is hard-coded as follows: the 
channel count indicator bits (CCIO to CCI1) are set so that 01,, = 4 channels and 00, = 6 channels, the revision level bits (REVO to 
REV2) are programmed to the appropriate design revision level (0 = 000, and 7 = 111) and the vendor bits (VENO to VEN2) are set 
to 2 (010,). 
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Table 21 Control Register Map 


Register D7 D6 D5 D4 D3 D2 D1 Do' 
Address Title Type 

0 ID/Rev ROM (ererh CCIO REV2 REV1 REVO VEN2 VEN1 VENO 
1 HS/IMR | SRAM IMR4 IMR3 IMR2 IMR1 IMRO HS2 HS1 HSO 
2 IlW/Servo | SRAM SBW1 LVDIS . IW4 Ilw3 Ilw2 wt Iwo 
5 TA SRAM TAC TAG TAS TA4 TA3 TA2 TAI TAO 
4 Mode SRAM TEMP ABHV SBWo | BOOST | MRM GAIN IDLEB SLPB 
5 WCC SRAM USC2 USC1 USCO OSC2 OSC1 OSCO OSD 2 
6 Faults? | SRLatch 7 LOFR WRSH | WROP | MRSH MROP | LOVDD HOT 
7 PLR SRAM | DUALTA | TOSC | OSDLY | PLREN | PLRPWO | PLRPW1 | PLRDTO | PLRDT1 


1. <DO> is the first bit written to or read from the register. i.e., LSB first. 
2. Reserved 
3. See Table 14 for definition of the faults. 
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Table 22 Control Register Bit Definitions 


Register/ 


‘ Bit Name Functional Description 
Bits 


0:<D0-D2> VEN<0:2> Vendor ID of device (read only). 
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0:<D3-D5> REV<0:2> Revision level of device (read only). 


0:<D6-D7> CCl<0:1> Channel Count Indicator (read only); set to 01, = 4 channels or 00, = 6 channels. 


1:<D0-D2> HS<0:2> Head Select setting. See Table 13 on page 29 for further definition. 


MR head bias current DAC setting (0-31). See Read Mode on page 28 for further definition. 


MaDe Die ESO In servo write mode, setting determines MR bias voltage as defined in (eq. 10) on page 29. 


Write current DAC setting (0-31). See Write Mode on page 28 for further definition. 


esb0-Dt> Melee In PLR mode, setting determines PLR amplitude as defined in (eq. 15) on page 37. 


2:<D6> LVDIS Low Vpp disable fault reporting; set to 1 to disable reporting. 
4:<D5> SBWO ; . : : 
2-<D7> SBW1 Servo Bank Write enable; follow sequence in Servo Write Mode on page 29. 


Thermal Asperity Detection DAC setting (1-127) or Digital Buffered Head Voltage DAC setting 
3:<D0-D6> TA<0:7> (7-127). See Detection on page 32 or MR Measurement / Digital Buffered Head Voltage 
(DBHV) on page 31 for further definition. 


3:<D7> TAG Thermal Asperity Compensation enable; set to 1 to select. 

4:<D0> SLPB Sleep mode enable; set to 0 to select. 

4:<D1> IDLEB Idle mode enable; set to 0 to select. 

4:<D2> GAIN Gain selection: set to 0 for low gain, set to 1 for high gain. 

4:<D3> MRM Head Resistance Measurement (DBHV) mode enable; set to 1 to select. See Table 15. 
4:<D4> BOOST Boost circuit enable; set to 1 to select. 

4:<D6> ABHV Analog Buffered Head Voltage enable; set to 1 to output ABHV at FLT pin. See Table 15. 
4-<D7> TEMP Ertan eee cea enable; set to 1 to report a temperature fault to the HOT bit and the 
5:<D1> OSD Write current overshoot direction of control; set to 0 to increase, set to 1 to decrease 


Write current overshoot correction; See WRITE CURRENT WAVEFORM SHAPING on 


ane De? Os0sS" page 33 for further definition. 


Write current undershoot correction; See WRITE CURRENT WAVEFORM SHAPING on 


aeDe Rie peteno> page 33 for further definition. 


6:<D0> HOT Bit is set to 1 if the HOT fault occurs. ' 

6:<D1> LOVDD Bit is set to 1 if the Low Vpp fault occurs. ' 

6:<D2> MROP Bit is set to 1 if an MR Open head fault occurs. ' 

6:<D3> MRSH Bit is set to 1 if an MR Shorted head fault occurs. ! 

sare Need Bits are set to 1 if a Writer Open head or Head Shorted to ground fault occurs. ! 
6:<D6> LOFR Bit is set to 1 if the Write data frequency too low fault occurs. ! 

7:<D0-D1> PLRDT PLR Delay Time. See Table 19. 

7:<D2-D3> PLRPW PLR Pulse Width. See Table 18. 
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Table 22 Control Register Bit Definitions 


VM5131 


© 


7:<D4> PLREN PLR Enable, set to 1 enable PLR mode. 

7:<D5> OSDLY Additional Write Current Overshoot Control, set to 1 to select. 

7:<D6> TOSC Manufacturer Test Bit; set to 0 for normal operation. 

7:<D7> DUALTA Dual Direction TA Detection (positive and negative), set to 1 to select. 


1. A serial port write to register 6, a SRLatch register, resets all bits in register 6 to ‘0’. 
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PIN DESCRIPTION AND FUNCTION LIST 
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oo VDD Lj 1 38 |= -HROP 
aie | a =e GND 2 37-5 ywox 
ves | ; = = GND 3 % I Hwoy 
ere C44 | walns vcc lc 4 SE > HWY 

Wan ie Bo) 26 4 nee BIASN C— 5 34 5:«OHW1X 
a WDX L—] 6 31-5 HRIP 
wby [—] 6 25 [> HR2P 4 
WDY C—} 7 [— GND 
RWNCW7 st 24 HWY 
sPpCc48 YY 23 —- 4HWe2x RIWN Cy 8 31 [=9 -HR2P 
spec—j9 S222 ES Hwix SPCC 9 50 -— HWwex 
RDP 10 WwW 21 4 HWIY SPE C_] 10 —4 = [7 Hwey 
RDNC411 2 20 Eourip RDP J 11 o -— GND 
sPDC—}12 > 19 | GND RON 120 2775 cap 
FLT Cj 13 18 | — HROP SPD C_ 13 A 26 -— ~HW3Y 
NC 4 14 17 => HWoY Arc 4 2% 5 ywex 
NC C15 16 = > HWOx GND C4 15 24 | HRP 
NCC] 16 23 = GND 
HRSP (| 17 2/5 urRap 
HW5X C=] 18 21 [= Hwax 
4-Channel =. 2 Han 
30-lead VSOP (TSSOP) 
6-CHANNEL 


38VSOP (TSSOP) 


Figure 25 Pin Layouts 


Table 23 Pin Functions 


Signal vo' Description 


Read/WriteNot: Low voltage CMOS input. Internal pull-up resistor (50kQ). 
R/WN * A low level enables Write mode. 
« Pin defaults high (Read mode). 


Bias Enable and PLR trigger: Low voltage CMOS input. Internal pull-up resistor (20kQ) to Vgc. 

* A high level directs bias current to a dummy head. Pin defaults high. 

BIASN * A low level enables MR bias current to the selected head. 

If PLREN = 1 (7:<D4>), a high to low transition triggers the PLR pulse (Vy_). See the PLR Timing 
and Event Description on page 37. 


Fault Status: Open drain output. Requires external pull-up resistor (e.g., 2kQ to 3V). 
* In Write mode, a high level indicates a fault. 


FED z * In Read mode, a low level indicates a fault. 

+ Measurements modes are shown in Table 15 on page 31. 
WDX, WDY | 2V +100mV write data inputs. 
HROP-HR7P I MR head connections, positive end. 


HWOX-HW7X oO Thin-Film write head connections, positive end. 


HWOY-HW7Y O Thin-Film write head connections, negative end. 


BOE RDN 2 iirc aed signal outputs. 

CAP - Compensation capacitor (22nF) for the MR bias current loop. 
GND - Ground and common return for MR heads 

VCC - +5.0V supply 

VDD - +8.0V supply 

SPE Serial Enable: Low voltage CMOS input; see Figures 24 and 26. 
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Table 23 Pin Functions 


Signal vo" Description 


SPC | Serial Clock: Low voltage CMOS input; see Figures 24 and 26. 


7) 
= 
o 
= 
=u 
a 
a 


Serial Data: Low voltage CMOS input/output; see Figures 24 and 26. Requires external pull-up resistor 


ee VO | (eg., 1k@ to 3V). 


1. 1 = Input pin, O = Output pin. 


VTC Inc., 2800 East Old Shakopee Road, Bloomington, MN 55425, 612-853-5100 1-45 


a) 
a) 
fez 
20 
U 
n 


VW 
& VM5131 


POWER CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. Iyja=8 MA, lw=40.0 mA, Ils=25mA. 
Power supply currents for other settings can be calculated using the formulas below. 


990811 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Power Supply Voltage Vop 7.2 8 8.8 V 
Read Mode 
(See Formula 1 below.) ad oe 
Read Mode, Bias disabled 16 20 
Write Mode 
(See Formula 2 below.) ie Be 
Write Mode, Bias enabled 
Vpp Power Supply Current lop (See Formula 3 below.) 83 93 mA 
Idle Mode 13 16 
Sleep Mode 0.15 0.18 
Servo Write Mode, All heads, 
VDD=5V, Is=25mA 224 250 
(See Formula 4 below.) 
Power Supply Voltage Voc 4.5 5 5.5 V 
Read Mode 
(See Formula 5 below.) on a8 
Read Mode, Bias disabled 29 35 
Write Mode 
(See Formula 6 below.) _ 2 
Write Mode, Bias enabled 48 56 
Voc Power Supply Current loo (See Formula 7 below.) mA 
Idle Mode 
(See Formula 8 below.) ue 
Sleep Mode 0.34 0.40 
Servo Write Mode, All heads, 
VDD=5V, I5=25mA 53 61 
(See Formula 9 below.) 
Read Mode 449 577 
Read Mode, Bias disabled 273 368 
Write Mode 781 992 
Power Dissipation P, Write Mode, Bias enabled 900 1127 mW 
Idle Mode 194 255 
Sleep Mode 3 4 
Servo Write Mode, All heads, 
VDD=5V, lws=25mA Non Vole 
T. IDD(Typ): 17.2 + (0.043 * lw) + vq IDD(Max): 20.6 + (0.046 * lw) + (1.05 * Iya) 
2. IDD(Typ) IDD(Max): 
3. IDD(Typ): 31.7 + (1.07 * ly) + Iv; IDD(Max): 38.0 + (1.16 * ly) + (1.05 * Ip) 
4. IDD(Typ): 7.77 + (10.1 * Hds) + (1.04 * Ig * Hds) IDD(Max): 9.32 + (12.1 * Hds) + (1.12 * lg * Hds) 
5. ICC(Typ): 42.1 + (0.083 * ly) + (0.17 * Ir) ICC(Max): 50.5 + (0.09 * ly) + (0.18 * Ip) 
6. ICC(Typ) ICC(Max): 
7. ICC(Typ): 39.4 + (0.18 * ly) + (0.17 * Im”) ICC(Max): 47.3 + (0.19 * lw) + (0.18 * Ima) 
8. ICC(Typ): 16.5 + (0.17 * Ip) ICC(Max): 19.8 + (0.18 * Imp) 
9. ICC(Typ): 21.9 + (1.95 * Hds) + (0.13 * Ig * Hds) ICC(Max): 26.3 + (2.34 * Hds) + (0.14 * Ig * Hds) 
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1/0 CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 


PARAMETER 


CONDITIONS 0 
= 
; Applies to R/WN, BIASN, SPE, Voc = < 
Input High Voltage Vin SPC, SPD pins 1.5 403 V fr 
Applies to R/WN, BIASN, SPE, : 
Input Low Voltage Vit SPC, SPD pins 0.3 0.7 V 
Input High Current lia Applies to SPE, SPC, SPD pins | -1 1 HA 
Input Low Current lit Applies to SPE, SPC, SPD pins | -1 1 HA 
BIASN Internal Pullup Resistor Rou Pullup to Voc 10 20 30 KQ 
R/WN Pin Internal Pullup Resistor | Rou Pullup to Voc 30 50 70 KQ 
; . . Applies to R/WN, BIASN, SPE, 
Input Signal Rise/Fall Time t/tir SPC, SPD pins 10 ns 
‘ Applies to R/WN, BIASN, SPE, 
Input Hysteresis Vinys SPC, SPD pins 200 mV 
Output High Current lon Von=3-6V, applies to FLT, SPD 1 HA 
FLT Io, =3mA 0.3 
Output Low Voltage Vo Vv 
SPD |o.=5mA 0.3 
WDX/WDY Peak-to-Peak ‘ 
Differential Swing Vos Write Mode 400 TBD MV opa 
WDX/WDY Differential Input Volt- | Read Mode 100 mVair 
DIFF 
age Idle Mode 0 MVeirr 
WDX/WDY Common Mode 
Source Voltage Veoww ve = 20 ’ 
WDX/WDY Differential Input x 100 425 150 ° 
Impedance 
WDX/WDY Input Rise/Fall Time twe/twe | 80% of Voir into C_=20pF 0.9 1.05 ns 
: : 220 Q resistor (1%) load 
RDP/RDN Differential Load : 
Fiacicianee Rioap precedes 100pF coupling 218 220 222 Q 
capacitors. 
RDP/RDN Common Mode Output Vv Read Mode, Write Mode, Voc - Vv 
Voltage ocm BIASN =L 2.5 
RDP/RDN Common Mode Output Voom (READ) - Vocuy (WRITE), : 
Voltage Difference AVoom | BIASN = L ree 180 ny 
RDP/RDN Single-Ended Output on Riead Mode 30 TBD Q 
Resistance 
RDP/RDN Output Current lo Source or sink 4 mA 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iypa=8.0OMA, Ryr_=45Q. 


2 PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
m 
z = MR Head Current Range lar 2 7 9.75 mA 
U0 
% MR Head Current Accuracy Alur 2MA < Iu_ < 9.75MA -5 5 % 
Unselected MR Head Current epplicanls TBD Heraher heed 10 LA 
switch 
Vin=1mV,, @80MHz, 
R,(RDP, RDN)=2kQ, applies to 
the following: 
4 or 6-channel VM5131B1, 
Gain bit=0 oe |e || tee 
Differential Voltage Gain Ay 4 or 6-channel VM5131B1, 125 150 175 VIV 
Gain bit=1 
4 or 6-channel VM5131B2, 
Gain bit=0 125 150 175 
4 or 6-channel VM5131B2, 160 190 200 
Gain bit=1 
Gain Deviation Head-to-Head 3 % 
Gain Boost BOCs lee er 3 dB 
Lur=20nH, -3qB, Gain bit=0 270 300 
Passband Upper Frequency Limit fur MHz 
-1dB, Gain bit=0 170 
fie Bowor-2dB Frequency fa Gain bit=0 0.15 0.5 0.8 MHz 
Eaomalen iiputlypise en 1 <f<85 MHz TBD nV/AVHz 
(sense amp only) 
Bias Current Noise : — 
(referred to Input) In MED pANHz 
Equivalent pul noes en 1 <f<85 MHz 06 | TBD | nVAHz 
(total) 
. Lyra=20nH; 
Integrated Noise Cin 1<f<140 MHz TBD uV 
AC input V where Ay falls to 90% 
Dynamic Range DR of its value at Viy=1mV,, @ f=40 10 MV pp 
MHz, Gain bit=0 
ee ae or Vpp, TBD 
Power Supply Rejection Ratio PSRR ae 2 dB 
100 <f< 170 MHz TBD 
Unselected Channels: TBD 
Channel Separation cs Vin=100MV 9, 15 < f < 40 MHz dB 
40 <f< 170 MHz TBD 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iy_=8.0OMA, Ryr_=45Q. 
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PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 

Noise Rejection 100 mVpp on I/O, 

Any I/O to RDP/RDN Ni 1 <f< 225 MHz oY de 

Output Offset Voltage Vos Low or High Gain -50 50 mV 

Output Offset Voltage Deviation 

Across Heads AVos oa my 

Total Harmonic Distortion THD @ f = 20 MHz TBD % 

aaah Thigeholel (Mh Head Vex Programmable 42 762 mV 

Resistance measurement) 

Buffered Head Voltage Gain Apuy VMR = 42mV - 762mV 4.75 5 5.25 V/V 

Thermal Asperity Detection Viarn DC level in RDX/RDY over base- 6 762 mV, 

Range line 7 

Thermal Asperity Detection/ : -(10% 10% 

DBHV Threshold Tolerance Vai | ee Seung + 3mV) +3mV a 

MR Head Voltage Vr Ime: Reve 100 900 mV 

Overshoot on I_ 

during Mode Transitions: | 0.1V < Vip < 0.9V 2 9 

Idle-to-Read, Write-to-Read, a Percent of final lp ia 

Head-to-Head and Bias Off-to-On 

Undershoot on Ive 

during Mode Transitions lnus ’ a 
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WRITE CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: ly=40.0mA, L4=85nH, Ry=12Q, fpata=20MHZz. 


2 PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
m 
z = Write Current Range lw (base to peak) 15 59.95 mA 
U0 
2 Write Current Tolerance Alw 15mA < ly < 59.95mA -8 8 % 
Open Head, Vpp=7.2V 10.8 14 
Differential Head Voltage Swing Von Vopd 
Open Head, Vpp=4.5V 5 8 
Unselected Head Current lu 50 HAd« 
WDX/WDY Input Frequency fw 5 160 MHz 
Range 
HWX/HWY Differential Output Cow TBD TBD oF 
Capacitance 
Head Current Propagation Delay to From 50% points, WDX to lw 6 15 ns 
Write Data has 50% duty cycle & 
peyinimiely Asym ins rise/fall time ay ne 
Rise/Fall Time t/t 10 - 90% 0.8 1.3 ns 


mus fe = Aid 


HW Hy TAALD a [\ IN 


Figure 26 Write Mode Timing Diagram 


Note: The write current polarity is defined by the levels of WDX and WDY (shown in the expression WDX - WDY). 
For WDX > WDY current flows into the “Y” port, for WDX < WDY current flows into the “X” port. 
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SERVO WRITE CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: |ya=8.0OMA, Ry_=45Q, ls=25mA. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS w 
c= 
Voc 4.5 5 5.5 sq 
oc 
Power Supply Vop LVDIS bit = 1 5 55 V 7 
Vop LVDIS bit = 0 7.2 8.8 
base to peak, 6 heads 15 40 
Servo Current Range Ig mA 
base to peak, 3 heads 15 59.95 
15mA < I< 25mA, 8 8 
Servo Current Tolerance Als 35MA < Is< 59.95MA % 
25mA < Is < 35mA -5 5 
MR Head Voltage Vur Programmable 25 226.5 mV 
Read to Write Mode taw To 90% of servo write current TBD TBD ns 
Read to Write Difference between To 90% of servo write current for 
TBD ns 
Heads each head 


LOW Vpp OPERATION CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iy_=8.0OMA, Ryr_=45Q, ls=25mA, Vpp=5V, LVDIS=1. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Write Current Rise/Fall Time to/tis 10-90% 1.75 TBD ns 
MR Head Current Accuracy Alur 2mA < IMR < 9.75mA TBD TBD % 


VIN=1mVpp @80MHz, 
RL(RDP, RDN)=2kW, applies to 
the following: 


4 or 6-channel VM5131B1, Gain 


bit<0 TBD 112 TBD 


Differential Voltage Gain Ay 4 or 6-channel VM5131B1, Gain 
bit=1 


TBD 150 TBD wy 


4 or 6-channel VM5131B2, Gain 


bit=0 TBD 150 TBD 


4 or 6-channel VM5131B1, Gain 


bit=0 TBD 190 TBD 


Equivalent Input Noise (total) en 1 <f<85 MHz 0.6 TBD nV/VHz 


100MV,, ON Vec OF Vop; TBD 
Power Supply Rejection Ratio PSRR 1<f< 100 MHz dB 
100 <f< 170 MHz TBD 


ithin + 
Write to Read Mode twr rae nimi =o TBD TBD ns 


1. MRBIAS/FAST pin low for 10s preceding R/WN transition (assumes MRB = 1 and IMR DAC). 
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PINNED LAYER REVERSAL CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 
PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Referenced to ground 
PLR Pulse Amplitude —— ve Sohn yD Ke Soe: 0.4 1.64 V 
See (eq. 15). 
; Value set in 7:<D2-D3>. See 
PLR Pulse Width tpw Table 18 50 200 ns 
Value set in 7:<D0-D1>. See 
PLR Pulse Decay Rate dy/d, Table 19 1.75 7 mV/ns 
PLR Pulse Setup Time taam 500 ns 
PLR Pulse Delivery Time ten TBD ns 


MODE SWITCHING CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iyp_=8.OMA, Ryr_=45Q, lw=40.0mA, L4=85nH, Ry=12Q, 
foata=20MHz. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Read to Write Mode taw To 90% of write current 43 50 ns 
RDP/RDN to within +30mV 
Write to Read Mode twr of final value or 90% of read 180 300 ns 
envelope ! 
RDP/RDN to within +30mV 
Idle to Read Mode 2 tir of final value or 90% of read 6 10 us 
envelope 
RDP/RDN to within +30mV 
Sleep to Idle Mode 23 ten of final value or 90% of read TBD 600 us 
envelope 
RDP/RDN to within +30mV 
Bead Mods; ice Selee any tus of final value, or 90% of read 6 10 us 
Head, Ia switch 
envelope, or 90% of Ive 
Idle Mode Powerup Time 
(from Sleep Mode) 800 ve 
Read to Idle 2 trl To 10% of read envelope 0.16 0.5 us 
Write to Idle 2 twi To 10% of write current TBD 50 ns 
Read Bias Disabled to BIASN pin high to low to 90% of 
trp 10 ps 


Bias Enabled 


IMR 


= 


1 


. BIASN pin low for 101s preceding R/WN transition. 
2. Timing for mode change, which is initiated in serial register, is measured from SPE high to low edge. 
3. Sleep to Read mode change transitions through Idle mode and must remain in Idle mode for a minimum of 300Us. 
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FAULT CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 


PARAMETER CONDITIONS 


o 
= 
ira 
= 
=u 
a 
a 


ly < 200A, 
Vec Fault Threshold Fault detected 
Fault removed 


Voc Fault Threshold Hysteresis 


ly < 200A, 
Vp Fault Threshold Fault detected 


Fault removed 


Vpp Fault Threshold Hysteresis 


Threshold for Open 
MR Head Fault Detection 


Threshold for MR Head Shorted 
to GND Fault Detection 


From Head Switch to Open MR 
Open MR Head Delay Head reported 
(SPE goes low to FLT pin low) 


AV across write element at next 
Writer Open/Shorted Head WDX/WDY transition, 
Detection Threshold where AV = Ropentead*lw OR 
Head resistance to GND <15Q. 


Open/Shorted Write Head 
Blanking Time 


Fault Safe guaranteed for write 


F 2 
BEY delay, Witte Gale to Hasale data transitions <500ns apart. 


FLT delay, Write Unsafe to Safe ° 


TA FLT Delay 3 TA detected to FLT pin low 


TA FLT Pulse Width 2 


Temperature Threshold for Hot 
Fault 


1. Will not detect or report fault for write current transitions less than 7ns apart. 
2. See Figure 26 on page 50. 
3. See Figure 16 on page 32. 
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VO VTC Inc. MAGNETO-RESISTIVE HEAD 
we Value The Customer™ 3 
PROGRAMMABLE READ/WRITE 
PREAMPLIFIER with SERVO WRITE 
7) 
= 
990812 ADVANCE INFORMATION August 12, 1999 Ee 
cc 
FEATURES BLOCK DIAGRAM a 
* General GND vcC  vDD 
- Designed for Use With Four-Terminal MR/GMR Heads O O O 
- 3-Line Serial Interface WOK Ane 
(Provides Programmable Bias Current, Write Current, Head rae a [.. oP 
Selection, Thermal Asperity, and Servo Operation) © Hwoy 
- Operates from +8 and +5 Volt Power Supplies Write _ f_ eix 
- 2.5/3.3V CMOS Compatible Logic Interface panhes cat ibaa 
- Fault Detection Capability = ‘fe 
- Available in a 30-pin VSOP or TSSOP Packages = [—0: 
* High Performance Reader ef? 
- Current Bias / Current Sense Architecture MR Bias Current rp iwex 
- MR Bias Current 5-bit DAC, 2 - 9.75 mA Range To 
- Programmable Read Voltage Gain Write Current F- atx 
(195 V/V or 265 V/V Typical) Pape 
- Thermal Asperity Detection and Bs deka se A 
tectio! SN} 
Fast Recovery Compensation SPe Oo 
- Analog and Digital Buffered Head Voltage (ABHV/DBHV) SPD O- Servo Enable Y 
Measurement Modes SPE O-7 Faure [PLT 
- Input Noise = 0.6 nV/VHz Typical Sleep / Idle / Gain I 
(Rur=45Q, Imp=8mA) WIRN Qj 
- High Bandwidth = 270 MHz Minimum Head Select 
— “3dB) BIASN G+ 
- Power Supply Rejection Ratio = (60 dB (1 < f < 100 MHz)) Serial Controller 
- Dual Reader Input with One Side Grounded Externally 
¢ High Speed Writer 
- Write Current 5-bit DAC, 15 - 60 mA Range 
- Rise Time = 0.8 ns Typical, ly=40 mA y 
(for Real Head Model having L+o7=85 nH) HROP (y¥—— be €) RDP 
- Multi-Channel Servo Write HRIP Cj RDN 
Oo]. 
DESCRIPTION -_O— 8 
The VM5141 is a high-performance read/write preamplifier “Oo « 
designed for use with 4-terminal magneto-resistive recording HR6P (yj 3 
heads in low-power applications. The VM5141 operates from HR7P Cy—— << MR L_&) cap 
+8V and +5V power supplies. This device provides write current moment 
to the write current drivers, DC bias current for the MR head, 
read and write fault detection, and multi-channel servo write. l 
This device also provides low voltage power supply detection np 
and power-saving idle and sleep modes. 


Programmability of the VM5141 is achieved through a 3-line 
serial interface. Programmable parameters include MR bias 
current, write current, head selection, thermal asperity detection 
threshold and servo operation. 

Available as 4-channel option in a 30-pin VSOP package, as a 
6-channel option in a 38-pin VSOP and as a 8-channel option in 
a 48-pin TQFP package. Please consult VTC for other channel- 
count and/or package availability. 
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ABSOLUTE MAXIMUM RATINGS 


Power Supply: 


NiGGr stikulncastncrheoxelocetacoceasaiieakamaeratantemeneneauen -0.3V to +7V 
Wipp. «ce sitinevisqenieithadindvnviesan wates nde entieamesindemunicenaitionns -0.3V to +10V 
Read Bias Current, Iya ...-ee cee cee ec eee eee eee eee eee ea eee esate ee eeen ee 12mA 
Write? GCumnrent, Nyj---ncssccsaacecseanendeccsaeadsaaeennscncasedsanacenaaneas 65mA 


Input Voltages: 
Digital Input Voltage, Vin 
Head Port Voltage, V, 


-0.3V to (Veg + 0.3)V 
-0.3V to (Veg + 0.3)V 


Output Current: 
RDP aIRDINGl6> <:acsscestsseeeecninntatenseddachcadanhennddeenecenace -10mA 
Junction Temperature, Ty ...........cceceeevceseeseeceeeeeeeceeennns 150°C 


Storage Temperature, Tig ......:::-ceeeeeeeeeeeeeeeeeeeees 
Thermal Characteristics, Oj,: 


30-lead VSOP. ‘wesicsecsciceteannrsiaieaencecpuniained cameasanatan 101°C/W 

S8-16ad VSOP aise: cata scediscatesaadneadeansenseeeasacdsencdenand 88°C/W 

AS“IGAdTQEP wicscsatestace stances aaiteteuddeaahiadaneenshstecioateaia 75°C/W 
RECOMMENDED OPERATING CONDITIONS 
Power Supply Voltage: 

ViGGs nsaeaanstacademn ads iacmeaedebachamnaacteactencneteanaseaianet +5V + 10% 

VoD: osernaninnsnoenn tient ewiende Mars Akawe Menge ait a nettaa sane eian'ey +8V + 10% 
Write Current, lye scicnlecianendeiertetactsleediandiskaetosmedsaniias 15-60 mA 
Write Head Inductance, Ly ...........:cceeeeeeeeeeeeeeeee es 60 - 160 nH 
Write Head Resistance, Ry .........-.:.::ceeeeeeeeeeeeee eee eeeeee 5-250 
Read Bias Current, Iya ..e-ee cee cee eee eee eee eee eee eee ea eene eee 2-9.75mA 
Read Head Inductance, Lyp .........ecceeeeeeee seen eee eeeeeeee 20 - 40 nH 
Read Head Resistance, Ryp.........ecceeeeeeeeeeeeeeeeeeeeeee 25 - 80 Q 
Reader Output Load ............ cc eeeeee eee eeeeeeeneseeeeeeeeeeeeeeeee 220 2 


MR Bias Loop Compensation, CAP.................cceeeeeeee eee ee 22 nF 
Junction Temperature, Ty ............: cece cece eee eee eee 


OPERATIONAL MODES 


Read Mode 
In the read mode, the circuit operates as a low noise, single- 
ended amplifier which senses resistance changes in the MR 
element that correspond to magnetic field changes on the disk. 
The VM5141 uses the current-bias/current-sensing MR 
architecture. The magnitude of the bias current ranges from 
2 - 9.75 mA and is governed by the following equation: 


IMR = 2+0.25(Kiyp) (eq. 1) 


lp represents the bias current flowing to the MR element (in mA). 
kip represents the MR bias DAC setting (0 to 31) in 1:<D3-D7>. 


A low level signal applied to the W/RN and BIASN pins (along 
with the appropriate levels on the IDLEB and SLPB bits) places 
the preamp in the read mode and activates the read fault 
detection circuitry (see Table 24). 

Passing the magnetic media by the MR element causes MR 
resistance changes as a result of changes in the magnetic field. 
The change in resistance is sensed as a change in current within 
the preamp, and this current change is converted to a differential 
voltage that is amplified prior to being output to the RDX and 
RDY pins. 
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MR Bias Current Enable 

Taking the BIASN pin low in read mode enables MR bias 
current to the selected head. Taking the BIASN pin high in read 
mode turns off the bias current to the head. The reader outputs 
are pulled to the common-mode voltage by the internal high 
value resistor. 


Gain and Boost Bits 
The GAIN bit (4:<D2>) selects high or low signal gain. The 
BOOST bit (4:<D4>) increases read gain by 3dB at 80Mhz. 


v= is (eq. 2) 
25 

— +Rype 

Ir 


Av represents the Differential Voltage Gain in V/V 
Where k = 10828 for low gain or 14438 for high gain. 
Ip is in mA. 


MR Head Switch Overvoltage Control 
The preamp controls the bias current loop capacitor voltage 


during head switching or modal transitions, in order to prevent 
overvoltage of the MR element. 

When switching between heads, changing IMR, or in any 
mode where the bias current becomes disabled (Write or Idle 
modes, or BIASN pin set high in Read mode), the MR bias 
current is diverted from the MR head while the bias current loop 
capacitor voltage is quickly discharged to a Vbe above ground. 
This ensures that the MR head voltage always rises from a safe 
voltage to the specific IMR*RMR. 


Write Mode 
In the write mode, the circuit operates as a thin-film write- 
current switch, driving the thin-film write element of the MR head. 
The magnitude of the write current ranges from 15 - 59.95 mA. 
The following equation governs the write current magnitude: 


Iw = 15+ 1.45(kw) 
14.5 + 1.4(kyw) 


Vpp = 8V 
(eq. 3) 


5V(LowVppMode) 


Iw Vop 


lw represents the write current flowing to the selected head (in mA). 
kjyw represents the write current DAC setting (0 to 31) in 2:<D0-D4>. 


A high level applied to W/RN pin (along with the appropriate 
levels on the IDLEB and SLPB bits) places the preamp in the 
write mode (see Table 24). The write data signals on the WDX 
and WDY lines drive the current switch to the thin film writer. 
Write current polarity is defined in Figure 39. 


MR Bias Current Enable 

Taking the BIASN pin low in write mode enables MR bias 
current to the selected head. Taking the BIASN pin high in read 
mode turns off the bias current to the head. In write mode, the 
reader outputs are pulled to the common-mode voltage by the 
internal high value resistor. 
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Write Current Waveform Shaping Control 
The write current waveform can be shaped using the control 


bits in register 5. The OSD bit (5:<D1>) selects an increase 

(OSD = 0) or decrease (OSD = 1) in the amplitude of the 

overshoot. The OSC bits (5:<D2-D4> select the percentage of 

overshoot. The USC bits (5:<D5-D7> select the percentage of 
undershoot. 

Note: The overshoot or undershoot induced by the register set- 
tings is dependent on write load and current settings. See 
Tables 28 and 29, and Figures 30 through 33 for 
examples. 


Servo Write Mode 
In the servo write mode, the even, odd or all channels of the 
VM5141 are written simultaneously. The servo write current 
magnitude is governed by (eq. 3) in the Write Mode section. 
The reader circuitry is shutdown during servo mode to reduce 
power consumption and the associated heat. MR head fault 
detection and reporting are disabled during Servo Write Mode. 
Servo mode is initiated by a seven-step process (see Table 
24): 
6) Select Head 0, 2, 3, 4 or 6 (‘none’ in Servo Bank Write).' 
7) Select Read mode by setting W/RN pin to a ’0’. 
8) Set the SBWO bit (4:<D5>) to a’1’. 
9) Set the SBW1 bit (2:<D7>) toa’1’. 
10) Set the SBWO bit to a ’0’ to initiate Servo mode. 
11) Select Heads 1, 5 or 7 (‘odd’, ‘all’ or ‘even’ in Servo 
Bank Write). 2 
12) Set W/RN pin high to enable servo write current. ° 


1. This step prevents an overvoltage spike to the MR heads when servo 
mode is entered. 
2. The HSO-HS2 register bits (1:<D0-D2>) determine which heads are written 
(see Table 25). 
3. W/RN pin enables or disables write current to the heads but does not affect 
the servo mode. 
To exit Servo mode, set SBW1 to ’0’ and perform a head select 
or toggle the BIASN pin. 
Note: The customer is responsible for ensuring that the thermal 
constraints of the package are not exceeded. 
This may be achieved by lowering the supply voltage, 
reducing the write current, cooling the package or limiting 
the servo write active duty cycle. 


Low Vpp Mode 
If Vpp<7.2V, the LVDIS bit (2:<D6>)must be set to ’1’ in order 
to continue to write or read. 


MR Bias Voltage Enable 
Taking the BIASN pin low in servo write mode applies a 


common voltage bias to all selected heads, see Table 25. The 
magnitude of this bias voltage ranges from 25 to 226.5 mV ‘and 
is governed by the following equation: 

1. The values do not include the contribution of servo write current and bond wire. 


Vurr = 25+ 6.5(kyyp) + 0.05([1.1(Ig) + 14.5]N +26) (€9. 4) 


where Viyp, represents bias voltage applied to the selected MR element (in mV), 
kyur represents the MR bias DAC setting (0 to 31) in 1:<D3-D7>, 
ls represents the servo write current DAC setting (0 to 31) in 2:<D0-D4>, and 
N represents the number of heads in servo bank write. 
Note: 0.05 is the bond wire resistance. 


Taking the BIASN pin high in servo write mode disables MR 
head bias. 
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MR head fault detection and reporting are disabled during 
Servo Write mode. 


Idle Mode 

Setting the IDLEB bit low (4:<D1>) and SLPB bit high (4:<D0>) 
places the preamp in Idle mode (see Table 24). Only the serial 
register, internal read bias circuitry and power supply fault 
reporting remain active. 

The reader outputs are pulled to the common-mode voltage by 
the internal high value resistor. 
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Sleep Mode 

Setting the SLPB bit low (4:<D0>) places the preamp in Sleep 
mode (see Table 24). All circuits are inactivated to achieve 
minimal power dissipation. Only the serial register remains 
active. 

Note: Transitions from Sleep mode to Read mode should 
always be made by first entering the Idle mode for a min- 
imum of 300us. 

Note: After a transition from Sleep mode to Idle mode, the Fault 
Register (register 6) must be written. This initializes the 
register to a defined or cleared state. 


Table 24 Mode Select 


BIASN| Servo MODE 


Read 
Bias Disabled 


Read 
Bias Enabled 


Write 
Bias Disabled 


Write 
Bias Enabled 


Servo | 


Servo | 
Bias Enabled 


Idle 
Bias Disabled 


Sleep 


1. Servo Write Mode on page 57 describes the process for initiating. 
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Table 25 Head Select 


uv 

m = HS2 HS1 Hso | perma g| _ Servo 

a) 1:<D2> 1:<D1> 1:<D0> Bank Write 

5 Head 

7 0 0 0 0 none 
0 0 1 1 odd 
0 1 0 2 none 
0 1 1 3 none 
1 0 0 4 none 
1 0 1 5 all 
1 1 0 6 none 
1 1 1 7 even 


1. If Head Selected > Channel Count - 1, an Invalid Head Select fault will be 
reported. 


ESD PROTECTION FOR MR HEAD 
Characteristics for ESD diodes at MRP pins are: 
Ron = 2Q, C = 0.3pF, toy = 0.6ps. 


MRP 


Figure 27 ESD Protection of MR Heads 
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FAULT HANDLING 
Conditions triggering faults, and status and reporting during the fault are listed in Table 26. Non-fault conditions are indicated by a 
dash, the fault pin level for this condition is that of a safe condition (e.g., Open MR Head in Idle mode, FLT = H). 


Table 26 Fault Table @ 
FLT pin level by Mode ' Register:Bit 7 Ee = 
FAULT CONDITION Read*| Write | Servo| Idle | Sleep Setting o 
None Safe H L L H H — 
TEMP bit = 1, . _ 
ie Die temperature > 135°C . A i _ _ eae 
VCC <3.8V; 4 45 56 _ = 
PONS Resets when VCC > 4.1V c i A c 
LVDIS bit = 0, 
VDD <6.1V; Ls H® H§ L — 6:<D1> = 1 
Low VDD Resets when VDD > 6.4V 
LVDIS bit = 1 H L L — — 6:<D1>=0 
Open MR Head BIASN pin = L, VMR > 950 mV L? — = _ _— 6:<D2> = 1 
Shorted MR Head BIASN pin = L, VMR < 50 mV Li — = _ — 6:<D3> = 1 
Invalid Head Select Head Selected > Channel Count - 1 L4 H§ = = = — 
(AV across write element > 2.5V 
at next WDX/WDY transition, 
where AV = Ropentiead’ lw 
OB 6:<D4> = 1 
Open/Shorted Write Head] Head resistance to GND <15Q) —_— H8& —_— —_— —_— : 7 
AND 6:<D5> = 1 
(WDX/WDY transition spacing > 
Open/Shorted Write Head Blanking 
Time) 
Low Write Frequency 1.5 ms typical between transitions _— H — _— _— 6:<D6> = 1 
. BIASN pin = L, TA DAC > 0, 
SherinakAspenty (RDP-RDN) > TA Threshold E = = = 


. L= FLT pin low, H = FLT pin high impedance - pulled to level set by external pull-up resistor. 

. A serial port write to register 6, a SRLatch register, resets all bits in register 6 to ‘0’. 

. Read faults are disabled if MRM is enabled (4:<D3> = 1). 

MR bias current disabled to MR head. Bias loop capacitor maintained for optimal recovery and at a low voltage to prevent MR element overvoltage. 

. Write current is disabled until the fault is cleared. 

. Vur is not disabled. 

. An open or shorted head fault is latched on the FLT line and the head voltage is clamped to a safe low voltage. The FLT latch and head voltage clamp are cleared by 
a change in head selection or Ip, or a mode switch. 

8. Two WDX/WDY transitions may be required to clear the FLT line after the fault has cleared. 


NOORWND = 


Other Features Utilizing FLT Pin 
Three bits (MRM, ABHV, TEMP) affect the FLT pin output. Table 27 defines the function of the output on the FLT pin. 


Table 27 FLT Pin Output Functions 


Setting Function TEMP 4:<D7> | ABHV 4:<D6> | MRM 4:<D3> 
1 Normal Fault Reporting ' 0 0 0 
2 DBHV - MR Measurement Mode 0 0 1 
3 ABHV - Analog Buffered Head Voltage 0 1 0 
4 Not Valid 0 1 1 


Hot Fault Reporting Enabled 
(in addition to Normal Fault Reporting) 


6 Not Valid 1 0 1 


5 
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Table 27 FLT Pin Output Functions 


7 Analog Temperature 1 1 0 
8 Not Valid 1 1 1 


1. As defined in Table 26. 


MR Measurement / Digital Buffered Head Voltage (DBHV) 

Setting the MRM bit high (4:<D3>) while the TEMP and ABHV bits are low allows the digital buffered head voltage (DBHV) to be 
represented on the FLT pin. 

The FLT output is low when the MR bias current is set to a level that causes the Iwea-Ru_ product to exceed the threshold level as 
determined by the TA/DBHV DAC (3:<D6-D0>). The FLT output is high when the Iya-Rur; product falls below this level. 
Note: The FLT line is not valid for 2us after changing the TA/DBHV DAC. 


DBHV = 6(ky,) (eq. 5) 


DBHV represents the voltage level from the MR element (in mV). 
kya represents the TA/DBHV DAC setting (7 to 127) in 3:<D0-D6>. 
The threshold settings in TA/DBHV DAC (0 to 6) cannot be detected. 
MR Measurement Mode Procedure 
Set a fixed IMR bias current and decrease the TA/DBHV DAC settings until the FLT pin goes low. Example: IMR = 6mA, TA/DBHV 
DAC setting to cause FLT low = 330mV, then MR resistance = 55Q (330/6). 


Analog Buffered Head Voltage (ABHV) 
Setting the ABHV bit high (4:<D6>) while the MRM and TEMP bits are low allows an amplified representation of the MR bias voltage 
to be multiplexed on the FLT pin. (The external pullup resistor must be removed for this mode.) The voltage is defined by the equation: 


Veuv = Umer’ Rupr) (eq. 6) 


Analog Temperature 
Setting the ABHV and TEMP bits high while MRM is low multiplexes the voltage representation of the die temperature on the FLT 


pin. (Note: The external resistor must be removed for this mode of operation.) A voltage (1V to 3V) on the FLT pin represents the die 
temperature (0°C to 200°C) given by the equation: 


TEMP(°C) = (V-1)x 100 (eq. 7) 


Where V = voltage (1V to 3V) at FLT pin. 
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THERMAL ASPERITY DETECTION AND COMPENSATION 

A thermal asperity (caused by the collision of the MR element with the media) is characterized by a large amplitude disturbance in 
the readback signal followed by an exponential decay. The thermal asperity may result in a positive or negative signal disturbance. 
Figure 28 displays the reader output for an uncompensated, positive thermal asperity event. 
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Figure 28 Thermal Asperity Event 


Recovery from this large disturbance in the data path can take a relatively large amount of time (typically several microseconds) 
without detection and correction. The VM5141 implements both a programmable detection threshold and fast recovery compensation 
for positive, and positive or negative (dual direction) disturbances. 


Detection 

Programming a non-zero TA detection threshold value (3:<D6-D0>) allows the TA detection circuitry to detect a positive asperity 
event. Setting the Dual Direction TA bit (7:<D7> = 1) allows detection of positive and negative asperity events. The threshold for 
thermal asperity detection is output-referred, has a range of 6 - 762 mV and is governed by the following formula: 


TAjeyey = OCkp a) (eq. 8) 


TAlevei represents the voltage level from the MR element (in mV). 
kr, represents the TA DAC setting (1 to 127) in 3:<D0-D6> 


TA detection is turned off when the TA detection threshold value is zero (3:<D6-DO> = 0). 
Reporting 

Whenever a thermal asperity event is detected, it is reported as a low (’0’) on the FLT pin. 
Compensation and Fast Recovery 

When the TAC bit is enabled (3:<D7> = 1), thermal asperity compensation mode is initiated if a thermal asperity is detected. 
Note: Setting the TAC bit off (3:<D7> = 0) makes it possible to use the preamp simply as a thermal asperity detector and allow the 

channel to control the low corner frequency movement. 

When activated, Fast Recovery and Compensation raises the nominal 500 KHz lower -3dB corner frequency to approximately 10 
MHz until the RDP-RDN output baseline is restored. This adjustment removes the low frequency component of the asperity event and 
allows the preamp to reach its DC operating point rapidly after a thermal asperity occurrence (ensuring complete output recovery within 
nanoseconds rather than microseconds; see Figure 29). Additional TA events during tps will not be compensated. 
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Figure 29 TA Detection and Compensation 


After the RDP-RDN output baseline is restored, the preamp reinstates the lower -3dB corner frequency. 
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WRITE CURRENT WAVEFORM SHAPING 

Tables 28 and 29 summarize write current simulations at both 40 and 60 mA with the load as shown in Figure 30 . The family of 
curves in Figures 31 through 33 depict the response of programmable overshoot and undershoot under nominal conditions (nominal 
process, VDD = 8V, VCC = 5V, and T = 750C). For the calculations of over/undershoot, lw is the write current amplitude from base 


: = (OmA) to the settled point (write current setting in mA). The write current is the current in R2 in the head model depicted in Figure 30. 
5 : Table 28 Write Current Overshoot Control 
lw = 40 mA lw = 60 mA 
oS vane ya aed % Change % Change 
5:D1 | 5:D4 | 5:D3 | 5:D2 | Overshoot %1 jan 000'2 | Overshoot%1) ao agg: 9 
0 0 0 0 90 0 53 0 
0 0 0 1 95 5 57 3 
0 0 1 0 103 13 62 8 
0 0 1 1 110 20 67 13 
0 1 0 0 118 28 70 17 
0 1 0 1 128 38 73 20 
0 1 1 0 133 43 75 22 
0 1 1 1 138 48 77 23 
1 0 0 0 90 0 53 0 
1 0 0 1 73 -18 45 -8 
1 0 1 0 60 -30 40 -13 
1 0 1 1 55 -35 37 -17 
1 1 0 0 48 -43 30 -23 
1 1 0 1 40 -50 25 -28 
1 1 1 0 35 -55 20 -33 
1 1 1 1 33 -58 17 -37 
1. Overshoot % = (Overshoot/Iw - 1)*100 
2. ‘000’ = Natural Response for Iw in R2 
Table 29 Write Current Undershoot Control 
lw = 40 mA lw = 60 mA 
re antl oan % Change % Change 
5:D7 | 5:D6 | 5:D5 | Undershoot % ' hoi 000'2 |Undershoot % 1) 40 ang: 
0 0 0 -23 0 -18 0 
0 0 1 -15 8 -10 8 
0 1 0 -10 13 -8 10 
0 1 1 -5 18 -7 12 
1 0 0 23 -5 13 
1 0 1 28 -3 15 
1 1 0 30 -2 17 
1 1 1 10 33 0 18 


1. Undershoot % = (Undershoot/Iw - 1)*100 
2. ‘000’ = Natural Response for lw in R2 
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Figure 30 Writer Head Model 
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Overshoot 


x1973 


Figure 31 Simulation Of The Programmable Overshoot at lw=40mA Under Nominal Conditions (nom process, +8,+5V power, 
750C) 
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Figure 32 Simulation Of The Programmable Overshoot at lw=60mA Under Nominal Conditions (nom process, +8,+5V power, 
750C) 
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Figure 33 Simulation Of The Programmable Undershoot at lw=40 and 60mA Under Nominal Conditions (nom process, +8,+5V 
power, 750C) 
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PINNED LAYER REVERSAL MODE 

Pinned Layer Reversal (PLR) mode provides a means to correct GMR heads that are affected by a reversed pinned layer. When the 
preamp is placed in the PLR mode, a positive reset pulse can be applied to the selected head. The external BIASN pin is used to 
control the timing of the delivery of the reset pulse to the GMR element. Several control bits are provided to shape the reset pulse. 
These controls include pulse amplitude, duration and decay rate. (See PINNED LAYER REVERSAL CHARACTERISTICS on page 
81 for specifications.) 

PLR Reset Pulse Controls 

The amplitude of the reset pulse ranges from 0.4 to 1.64 V and is governed by the following equation: 


Vreser = 9.4 + 0.04 (kp; p) (eq. 9) 


Uv 
a) 
fez 
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where Vpeser represents the reset pulse voltage amplitude 
kp.R represents the ly DAC setting (0 to 31) in 2:<D0-D4>. 
Note that the MR heads ESD diodes may limit the maximum Vpeg_er amplitude achieved to around 1.4V. 


The reset pulse duration and decay time are determined by the settings of the PLRPW bits (7:<D2-D3>) as shown in Table 30 and 
the PLRDT bits (7:<D0-D1>) as shown in Table 31. 


Table 30 PLR Reset Pulse Width 
PLRPW1 PLRPWO 


PLR Pulse Width (ns) 


7:<D2> 7:<D3> 
0 0 50 
0 1 100 
1 0 150 
1 1 200 


Table 31 PLR Reset Pulse Decay Rate 
PLRDT1 PLRDTO 


7:<DO> 7-<D1> PLR Decay Rate (mV/ns) 
0 0 7 
0 1 4.67 
1 0 2.33 
L 1 1.75 


PLR Timing and Event Description 
Figure 34 depicts a timing diagram for the PLR mode. The steps involved are: 


1) Set up VRESET via IW DAC, IMR, PLRPW and PLRDT, and select the head to be reset while in Idle or Read mode. 

) Enter the Read mode by setting IDLEB bit to ‘1’. Bring BIASN high to disable MR head bias. 
3) Enter PLR mode by setting PLREN bit 7:<D4> to ‘1’. 

) After a minimum time tARM, bring BIASN low to trigger the pulse. 
Note:The PLR trigger depends on the sequence PLREN set to ‘1’ followed by a high to low transition of the BIASN pin. 
Subsequent high to low transitions of BIASN will not retrigger the PLR mode. 
5) Exit the PLR mode after a minimum time ten, by setting PLREN bit to ‘0’. 

The device returns to Read mode, in which the state of the BIASN pin controls MR head bias. 

6) To clear the MR Short fault, perform a head select or toggle BIASN. 


Mode Idle Read PLR __Read 
, Arm 
' + Trigger 
Vi , Exit 
| 
SPE I 
1 
PLREN I 
ll | 
BIASN | 
1 ,i4PLRPW \ 
Vecect || N-PLRDT | 
VMR RESET |, | 
ov. : 
| 


ten 
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Figure 34 PLR Timing Diagram 


VM5141 SERIAL PORT INTERFACE AND CONTROL REGISTERS 

The serial port interface and the associated control registers provide programming and monitoring of the VM5141 circuitry. The 
interface handles the communication between a system control chip and the VM5141 via a three wire interface and related protocols. 
The control registers hold programming data written to the VM5141 and provide readback monitoring of data held or generated within 
the VM5141. 
Note: If serial port activity is performed during Read mode, crosstalk to the reader output may result. 
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Serial Port Interface 
The serial port interface provides for both writing data to and reading data from the VM5141. Its three pins are: 
* SPC (Serial Port Clock) synchronizes the transfer. 
¢ SPD (Serial Port Data) is the bi-directional data pin. 
¢ SPE (Serial Port Enable) enables and disables a serial transfer. 


All data writes or reads are enabled by setting SPE = 1 after which the SPC clocks data in or out via the SPD. 


Writing to the Serial Port 

A data transfer is initiated by setting SPE = ‘1’. A write data packet is structured as a 16-bit word: ‘0’ for writing + 3 page address bits 
+ 4 byte address bits + 8 programming data bits. 

Each rising edge of SPC clocks data into the serial port interface. For valid data transfers, data are loaded into a designated register 
location upon the falling edge of SPE. Only the first 16 SPC rising edges after SPE goes high are recognized by the serial port interface. 
Any SPC rising edges after the first 16 are ignored. If less than 16 clock pulses are provided before SPE goes low, the data transfer 
is aborted. 

Figure 35 shows the protocol for a write transfer operation. Refer to Table 32 and Figure 37 for timing specifications for the serial 
port interface. 


SPE __{I[J| — 
SPD “//)RIW/SO \S1_S2 {AO At XA2 YAs \DO D1 \D2 \D3 \D4 \Ds5 \D6 \o7 ( 
a sO Os Bs po a a so a 0 


Figure 35 Write Protocol for 3-Write Serial Port Interface 


Readback from the Serial Port 

The read data packet is structured as: 1’ for reading + 3 page address bits + 4 byte address bits + 8 data bits. To perform a read 
instruction, first set SPE =1 and then input the read instruction bit ‘1’, the 3-bit page address, and the 4-bit byte address. The 8-bits at 
the specified register address are subsequently clocked out at the SPD pin. 

Each rising edge of SPC clocks the instruction bit and the address bits into the serial port interface and the rising SPC edge also 
clocks out the data information. The SPE falling edge returns the SPD pin to an input pin state. The serial port interface drives the SPD 
pin only if the page address matches that of the VM5141. 

Figure 36 shows the protocol for a read transfer operation. Refer to Table 32 and Figure 37 for timing specifications for the serial 
port interface. 


SPE | 
SPD 7///YRIW S0\S1_S2 (Ao XA1 YA2 Yas }—{Do \D1 \D2 \Ds \D4 \Ds D6 (D7 \— 
sec LFLF LF LF LEU LULU EL Ut 


Figure 36 Read Protocol for 3-Wire Serial Port Interface 
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Table 32 Serial Port Interface Timing Specifications 
PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Write operation 25 MHz 
SPC Frequency fspc 
Readback operation 12.5 MHz 
Write operation 14 ns 
SPC High Time tspcH 
Readback operation 32 ns 
Write operation 14 ns 
SPC Low Time tspcL 
Readback operation 32 ns 
SPE Rise Setup Time tser Relative to SPC rising edge 10 ns 
SPE Rise Hold Time tuer Relative to SPC rising edge 10 ns 
SPE Fall Hold Time tuet Relative to SPC rising edge 10 ns 
SPD Setup Time tsp Data input relative to SPC rising edge 10 ns 
SPD Hold Time tub Data input relative to SPC rising edge 10 ns 
SPD Prop Delay tppp Data output relative to SPC rising edge 16 ns 
: Time to take control of SPD relative to 
SPD Enable Time tpzp SPC rising edge 16 ns 
. . Time to release control of SPD relative to 
SPD Disable Time tppz SPE falling edge 16 ns 
SPE Low Time tspeL Between transmissions 1/fspc ns 
SPE SPE | 
tepp H 
iz 2 " 
SPD THspq_tgpon tere SPD \ A Jee D l D --- \ D! 
> trem ic 1 
' ' ' ' ' ' ; ! to > | 
i} t t 
sec LF LE LE LF Lt Ut seo TFLALALt = 
' ' ' i} i ' > it i ' 
tpzp 
tse, tgpeL 
1p Le ii 
SPE -+ | i SPE 
uw ia | { tsp tup 
“1 rn 1 Pit we 
spo 77 }iw \_--_\ 8} 4— spo ¥_ Yi Xi YX 
sec LALA Lt LALA LU spc |) | 


p< 
toes 


Figure 37 Timing Diagrams for 3-Wire Serial Port Interface 
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Control Registers 

Control registers provide for storage and readback of programming data (i.e., an SRAM type function) and for monitoring of 
information generated (i.e., SRLatch type function) or hard-coded within the VM5141 (i.e., a ROM type function). The control registers 
are organized in byte-wide segments, each byte being either an SRAM-type, a ROM-type, or a SRLatch-type. 

The addressing scheme for an entire system is as follows. There are 7 bits of address in a system. The first 3 bits, SO-S2, determine 
the page address, while the last 4 bits, AO-A4, determine a particular byte address within a page. A system may have a total of 8 pages 
with a total of 16 bytes per page. Each chip in the system is assigned one or more full pages (the VM5141 has a single page). All 16 
bytes within each assigned page need not be used. Unused bytes within a chip’s page are reserved for possible future use within the 
assigned chip; they may not be reassigned within the system. 

Data written to an unused byte or page address is ignored. Reading from an unused byte in a valid page results in a logic ‘1’ on the 
SPD line. However, reading from an invalid page address results in no data being transmitted, as the SPD output driver remains turned 
off until a valid page is addressed. When data is to be read from a valid page address all other chips must keep their SPD output drivers 
turned off and allow the chip assigned that page address sole control of the SPD line. 

VM5141 control registers extend across one page address. The page address is S<0:2> = 1 (001b) and it contains byte addresses 
0 (0000b) to 15 (1111b), but not all 16 bytes are used. Table 33 depicts register bit assignments and Table 34 explains the defined 
register bits. All SRAM and SRLatch registers are set to logic ‘0’ at power-up. Register 0, a ROM type, is hard-coded as follows: the 
revision level bits (REVO to REV3) are programmed to the appropriate design revision level (0 = 0000b and 15 = 1111b) and the vendor 
bits (VENO to VEN2) are set to 0 (000b). 


Table 33 Control Register Map 


Register D7 D6 D5 D4 D3 D2 D1 bo! 
Address Title Type 

0 ID/Rev ROM CCl REV3 REV2 REV1 REVO VEN2 VEN1 VENO 
1 HS/IMR_ | SRAM IMR4 IMR3 IMR2 IMR1 IMRO HS2 HS1 HSO 
2 IW/Servo | SRAM SBW1 LVDIS 2 IW4 Iw3 Iw2 Iw Iwo 
3 TA SRAM TAC TAG TA5 TA4 TA3 TA2 TAI TAO 
4 Mode SRAM TEMP ABHV SBWO | BOOST MRM GAIN IDLEB SLPB 
5 WCC SRAM USC2 USC1 USCO OSC2 OSC1 OSCO OSD 2 
6 Faults? | SRLatch . LOFR WRSH | WROP | MRSH MROP | LOVDD HOT 
7 PLR SRAM | DUALTA | TOSC OSDLY | PLREN | PLRPWO | PLRPW1 | PLRDTO | PLRDT1 


1. <DO> is the first bit written to or read from the register. i.e., LSB first. 
2. Reserved 
3. See Table 26 for definition of the faults. 
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Table 34 Control Register Bit Definitions 


Register/ 


: Bit Name Functional Description 
Bits 


0:<D0-D2> VEN<0:2> Vendor ID of device (read only). 


a) 
a) 
fe 
20 
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n 


0:<D3-D6> REV<0:3> Revision level of device (read only). 


Channel count indicator (read only): 


rg a 0 indicates 6-channel, 1 indicates 4-channel (VM51414VSD1 only). 


1:<D0-D2> HS<0:2> Head Select setting. See Table 25 on page 58 for further definition. 


MR head bias current DAC setting (0-31). See Read Mode on page 56 for further definition. 


accel its? In servo write mode, setting determines MR bias voltage as defined in (eq. 4) on page 57. 


Write current DAC setting (0-31). See Write Mode on page 56 for further definition. 


eau’ eee In PLR mode, setting determines PLR amplitude as defined in (eq. 9) on page 66. 
2:<D6> LVDIS Low VDD disable fault reporting; set to 1 to disable reporting. 
4:<D5> SBWO : . . i 
2-<D7> SBW1 Servo Bank Write enable; follow sequence in Servo Write Mode on page 57. 


Thermal Asperity Detection DAC setting (1-127) or Digital Buffered Head Voltage DAC setting 
3:<D0-D6> TA<0:7> (7-127). See Detection on page 61 or MR Measurement / Digital Buffered Head Voltage 
(DBHV) on page 60 for further definition. 


3:<D7> TAC Thermal Asperity Compensation enable; set to 1 to select. 

4:<D0> SLPB Sleep mode enable; set to 0 to select. 

4:<D1> IDLEB Idle mode enable; set to 0 to select. 

4:<D2> GAIN Gain selection: set to 0 for low gain, set to 1 for high gain. 

4:<D3> MRM Head Resistance Measurement (DBHV) mode enable; set to 1 to select. See Table 27. 
4:<D4> BOOST Boost circuit enable; set to 1 to select. 

4:<D6> ABHV Analog Buffered Head Voltage enable; set to 1 to output ABHV at FLT pin. See Table 27. 
4-<D7> TEMP Temperature fault report enable; set to 1 to report a temperature fault to the HOT bit and the 


FLT pin. See Table 27. 


5:<D1> OSD Write current overshoot direction of control; set to 0 to increase, set to 1 to decrease 


Write current overshoot correction; See WRITE CURRENT WAVEFORM SHAPING on 


§:<D2-D4> | OSC<0:3> | age 62 for further definition. 


Write current undershoot correction; See WRITE CURRENT WAVEFORM SHAPING on 


§:<D5-D7> | USC<0:3> | age 62 for further definition. 


6:<DO> HOT Bit is set to 1 if the HOT fault occurs. ' 
6:<D1> LOVDD Bit is set to 1 if the Low VDD fault occurs. 1 
6:<D2> MROP Bit is set to 1 if an MR Open head fault occurs. 1 
6:<D3> MRSH Bit is set to 1 if an MR Shorted head fault occurs. 1 
ae ees Bits are set to 1 if a Writer Open head or Head Shorted to ground fault occurs. 1 
6:<D6> LOFR Bit is set to 1 if the Write data frequency too low fault occurs. 1 
7:<D0-D1> PLRDT PLR Delay Time. See Table 31. 
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Table 34 Control Register Bit Definitions 


7:<D2-D3> PLRPW PLR Pulse Width. See Table 30. 

7:<D4> PLREN PLR Enable, set to 1 enable PLR mode. 0 
7:<D5> OSDLY Additional Write Current Overshoot Control, set to 1 to select. S = 
7:<D6> TOSC Manufacturer Test Bit; set to 0 for normal operation. a 
7:<D7> DUALTA Dual Direction TA Detection (positive and negative), set to 1 to select. 


1. A serial port write to register 6, a SRLatch register, resets all bits in register 6 to ‘0’. 
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PIN DESCRIPTION AND FUNCTION LIST 
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Figure 38 Pin Layouts 
Table 35 Pin Functions 
Signal vo' Description 


Write/Read: Low voltage CMOS input. Internal pull-down resistor (50kQ). 
W/RN « A high level enables Write mode. 
* Pin defaults low (Read mode). 


Bias Enable and PLR trigger: Low voltage CMOS input. Internal pull-up resistor (20kQ) to Vgc. 

* A high level deactivates the MR bias current and the MR control loop, while maintaining the MR 
threshold levels. Pin defaults high. 

* A low level enables MR bias current to the selected head. 
If PLREN = 1 (7:<D4>), a high to low transition triggers the PLR pulse (Vy,). See the PLR Timing 
and Event Description on page 66. 


BIASN 


Fault Status: Open drain output. Requires external pull-up resistor (e.g., 2kQ to 3V). 
ELT O * In Write mode, a high level indicates a fault. 

+ In Read mode, a low level indicates a fault. 

+ Measurements modes are shown in Table 27 on page 59. 


WDX, WDY | 2V +100mV write data inputs. 


HROP-HR7P I MR head connections, positive end. 


HWOX-HW7X oO Thin-Film write head connections, positive end. 


HWOY-HW7Y O Thin-Film write head connections, negative end. 


BOE HON e sevenload signal outputs. 

CAP - Compensation capacitor (22nF) for the MR bias current loop. 
GND - Ground and common return for MR heads 

VCC - +5.0V supply 

VDD - +8.0V supply 
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Table 35 Pin Functions 
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Signal vo" Description 
SPE | Serial Enable: Low voltage CMOS input; see Figures 37 and 39. 
SPC | Serial Clock: Low voltage CMOS input; see Figures 37 and 39. 
Serial Data: Low voltage CMOS input/output; see Figures 37 and 39. Requires external pull-up resistor 
SPD /O 
(e.g., 1kQ to 3V). 


1. 1 = Input pin, O = Output pin. 
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POWER CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. Iyja=8 MA, lw=40.0 mA, Ils=25mA. 
Power supply currents for other settings can be calculated using the formulas below. 
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PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Power Supply Voltage Vop 7.2 8 8.8 V 
Read Mode 
(See Formula 1 below.) ef. o 
Read Mode, Bias disabled 16 20 
(See Formula 2 below.) 
Write Mode 
(See Formula 3 below.) i - 
Write Mode, Bias enabled 83 93 
(See Formula 4 below.) 
Vpp Power Supply Current lpp Idle Mode 14 16 mA 
Sleep Mode 0.17 1 
Servo Write Mode, 
Six heads, VDD=5V, Is=25mA 224 250 
(See Formula 5 below.) 
Servo Write Mode with Bias, 
Six heads, VDD=5V, I,=25mA, 
Vag = 181mV, Ruy = 45.30. ean ate 
(See Formula 6 below.) 
Power Supply Voltage Voc 4.5 5 5.5 V 
Read Mode 
(See Formula 7 below.) a 28 
Read Mode, Bias disabled 29 35 
(See Formula 8 below.) 
Write Mode 
(See Formula 9 below.) - - 
Write Mode, Bias enabled 
(See Formula 10 below.) < = 
Voc Power Supply Current lec Idle Mode 20 23 mA 
Sleep Mode 0.6 3 
Servo Write Mode, 
Six heads, VDD=5V, I,=25mA 55 64 
(See Formula 11 below.) 
Servo Write Mode with Bias, 
Six heads, VDD=5V, I,=25mA, 55 64 


Vu = 181MV, Rup = 45.32. 
(See Formula 11 below.) 
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POWER CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. Iya=8 MA, lyw=40.0 mA, Ils=25mA. 
Power supply currents for other settings can be calculated using the formulas below. 
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PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Read Mode 451 581 
Read Mode, Bias disabled 273 369 
Write Mode 781 997 
Write Mode, Bias enabled 884 1104 
Idle Mode 212 267 
Power Dissipation Py mw 
Sleep Mode 4 25 
Servo Write Mode, 
Six heads, VDD=5V, Ils=25mA ie ey 
Servo Write Mode with Bias, 
Six heads, VDD=5V, I5=25mA, 1530 1903 
Vu = 181MV, Rug = 45.3. 
1. IDD(Typ): 15 + (0.043 * ly) + (1.26 * Ip) IDD(Max): 18 + (0.046 * ly) + (1.32 * Ip) 
2. IDD(Typ): 14 + (0.043 * ly) IDD(Max): 16.8 + (0.046 * ly) 
3. IDD(Typ): 29 + (1.06 * hy) IDD(Max): 34.8 + (1.145 * hy) 
4. IDD(Typ): 31 + (1.06 * ly) + (1.26 * Ip) IDD(Max): 37.2 + (1.145 * ly) + (1.34 * Ip) 
5. IDD(Typ): 9.5 + (9.5 + [1.04 * Ig]) * Hds IDD(Max): 11.4 + (11.4 + [1.12 * Ig]) * Hds 
6. IDD(Typ): 9.5 + (9.5 + [1.04 * Ig] + [1.0 * Vp/Reu\l) * Hds IDD(Max): 11.4 + (11.4 + [1.12 * Ig] + [1.2 * Vp/Rel) * Hds 
7. ICC(Typ): 40 + (0.090 * ly) + (0.17 * Iva) ICC(Max): 48 + (0.097 * ly) + (0.18 * Iyap) 
8. ICC(Typ): 25 + (0.09 * hy) ICC(Max): 30 + (0.97 * ly) 
9. ICC(Typ): 33 + (0.19 * ly) ICC(Max): 39.6 + (0.205 * ly) 
10. ICC(Typ): 35 + (0.19 * lw) + (0.17 * Ip) ICC(Max): 42 + (0.205 * ly) + (0.18 * Iya) 
11. ICC(Typ): 23.0 + (2.0 + [0.13 * Ig]) * Hds ICC(Max): 27.6 + (2.4 + [0.14 * Ig]) * Hds 
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1/0 CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 


CONDITIONS 


PARAMETER 


Applies to W/RN, BIASN, SPE, 


990812 


Input High Voltage Vin SPC, SPD pins 1.5 Voc +0.3 V 
Applies to W/RN, BIASN, SPE, c 

Input Low Voltage Vit SPC, SPD pins 0.3 0.7 V 

Input High Current lia Applies to SPE, SPC, SPD pins -1 1 HA 

Input Low Current liv Applies to SPE, SPC, SPD pins -1 1 HA 

BIASN Internal Pullup Resistor Pou Pullup to Voc 16 20 24 KQ 

W/RN Pin Internal Pulldown Row 40 50 60 KO 

Resistor 

: . . Applies to W/RN, BIASN, SPE, 
Input Signal Rise/Fall Time t/tir SPC, SPD pins 10 ns 
; Applies to W/RN, BIASN, SPE, 

Input Hysteresis Vinys SPC, SPD pins 200 mV 

Output High Current lou Von=3-6V, applies to FLT, SPD 1 HA 
FLT Io,=3mA 0.3 

Output Low Voltage VoL V 
SPD |o.=5mA 0.3 

WDX/WDY Peak-to-Peak F 

Differential Swing Vos Wing Made “ Mood 

WDX/WDY Differential Input Volt- |, Read Mode 100 mVait 

DIFF 

age Idle Mode 0 MV ctr 

WDX/WDY Common Mode 

Source Voltage Vow a 2 ae 

WDX/WDY Differential Input Zz 100 125 150 ° 

Impedance 

WDX/WDY Input Rise/Fall Time twe/twe | 80% of Vpire into CL=20pF 0.9 1.05 ns 

RDP/RDN Common Mode Output Vv Read Mode, Write Mode, Vi. -25 Vv 

Voltage oc BIASN =L ey 

RDP/RDN Common Mode Output Voom (READ) - Vocw (WRITE), ; 

Voltage Difference AVoom | BIASN = L tap ee my 

RDP/RDN Single-Ended Output Reco Riad Mode 30 40 ° 

Resistance 

RDP/RDN Output Current lo Source or sink 4 mA 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iy_=8.0OMA, Ryr_=45Q. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS w 
= 
MR Head Current Range Ime 2 7 9.75 mA S = 
oc 
MR Head Current Accuracy Alur 2MA < Iup < 9.75MA -5 5 % 7 
Unselected MR Head Current Applicable 10 us after head 50 A 
(in Idle or Read with Bias Modes) switch s 
Vin=1mV,, @80MHz, 
otis 170 195 220 
Differential Voltage Gain Ay Ri(RDP, RDN)=2k2, Gain bit=0 VV 
Gain bit=1 233 265 303 
Gain Deviation Head-to-Head 3 % 
Gain Boost foot | 3 dB 
Lur=20nH, -3qB, Gain bit=0 270 320 
Passband Upper Frequency Limit fur MHz 
-1dB, Gain bit=0 170 
Passband Lower -3dB Frequency fe Gain bit=0 0.15 05 08 MHz 
Limit 
Equivalent input Npiee e, 1 <f<85 MHz 0.6 nV/NHz 
(total) 
. Lyr=20nH; 
Integrated Noise Cin 1 <f<140 MHz 8.1 pV 
Total Harmonic Distortion THD Vin=1MVpp, f=20 MHz 60 dB 
nD namie ands) DR Vin=1MVpp, f=60 MHz 40 
100mV,, on Vcc OF Vpp; 
1<f 100 MH ae 
Power Supply Rejection Ratio PSRR hs 2 dB 
100 <f< 170 MHz 32 
Unselected Channels: 68 
Channel Separation cs Vin=100MV,,, 15 < f < 40 MHz dB 
40 <f< 170 MHz 54 
Noise Rejection 100 mVpp on I/O, 
Any I/O to RDP/RDN NR 1 <f < 225 MHz af de 
Output Offset Voltage Vos Low or High Gain -50 50 mV 
Output Offset Voltage Deviation 
Across Heads AVos 0 my 
Sia Se Ven Programmable 42 762 mV 
Resistance measurement) 
Buffered Head Voltage Gain ABHYV 4.6 5 5.25 VIV 
ate Asperity Detection Toe DC level in RDX/RDY over base- 6 762 mMVop 
ange line 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iy_=8.0OMA, Ryr_=45Q. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
uv 
B) 
m= -(10% + 10% 
Z 5 Threshold 192 to 762 mV 3mV) 43mV 
7) 
Thermal Asperity Detection/ -(20% + 10% 
DBHV Threshold Tolerance AVratH Threshold 2G to-see mv 7mV) +6mV my 
-(35% + 10% 
Threshold 42 to 90 mV 10mV) +6mV 
MR Head Voltage Vr Ime: Ree 100 900 mV 
Overshoot on Ip 
during Mode Transitions: | 0.1V < Vir; < 0.9V 2 of 
Idle-to-Read, Write-to-Read, MHOY Percent of final lyr 7 
Head-to-Head and Bias Off-to-On 
Undershoot on Ime 
during Mode Transitions lnmus mn 
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WRITE CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: ly=40.0mA, L4=85nH, Ry=12Q, fpata=20MHZz. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 

Write Current Range lw (base to peak) 15 59.95 mA 
Write Current Tolerance Alw 15mA < ly < 59.95mA -8 8 % 
Differential Head Voltage Swing Vou Open Head, Vpp=7.2V 10.8 14 Vopd 
Unselected Head Current lun 50 LAK 
WDX/WDY Input Frequency 

Range fw 5 160 MHz 
Head Current Propagation Delay to From 50% points, WDX to lw 6 15 ns 

Write Data has 50% duty cycle & 
Rey mmery Asya ins rise/fall time ao 
Rise/Fall Time t/t 10 - 90% 0.8 1.3 ns 
wox-woy J \_/ \_/ \_/ ASN 
toe 
t 
FLT . 
— | tot 


WKH IN rr 


Figure 39 Write Mode Timing Diagram 


Note: The write current polarity is defined by the levels of WDX and WDY (shown in the expression WDX - WDY). 
For WDX > WDY current flows into the “Y” port, for WDX < WDY current flows into the “X” port. 
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SERVO WRITE CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: |yja=8.0OMA, Ry,=45Q, ls=25mA. 


2 PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
m 
25 Wes 4.5 5 5.5 
U0 
% Power Supply Vop LVDIS bit = 1 5 55 V 
Vop LVDIS bit = 0 7.2 8.8 
base to peak, 6 heads 15 40 
Servo Current Range Ig mA 
base to peak, 3 heads 15 59.95 
Vpn = 5 V: 14.5mA < Is < 57.9mMA ; ; 
Servo Current Tolerance Alg Veo = 8 V: 15mA < lg<59.95mA 8 8 %o 
MR Head Voltage Vac Programmable; & Heads, 36 237.5 mV 
Ils = 15mA 
lz = 15mA, Heads = 6 
Vur = 36 to 55.5 mV -45 80 
MR Head Voltage Accuracy AVur Vur = 62 to 81.5 mV -40 60 % 
Vur = 88 to 133.5 mV -35 35 
Vur = 140 to 237.5 mV -30 25 
Read to Write Mode taw To 90% of servo write current 15 50 ns 
Read to Write Difference between To 90% of servo write current for 
1.5 ns 
Heads each head 
LOW Vpp OPERATION CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iy_=8.0OMA, Ryr_=45Q, ls=25mA, Vpp=5V, LVDIS=1. 
PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Write Current Rise/Fall Time to/tis 10-90% 1.75 ns 
Differential Head Voltage Swing Von Open Head, Vpp=5.0V 5 8 Vopd 
MR Head Current Accuracy Alur 2mA < IMR < 9.75mA 5 5 % 
VIN=1mVpp @80MHz, 400 
Differential Voltage Gain Ay Ri(RDP, RDN)=2k®, Gain bit=0 VV 
Gain bit = 1 130 
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PINNED LAYER REVERSAL CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 
PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Referenced to ground 
PLR Pulse Amplitude fo va Sebi DAG <e: 0.4 1.64 V 
See (eq. 9). 
; Value set in 7:<D2-D3>. See 
PLR Pulse Width tpw Table 30 50 200 ns 
Value set in 7:<D0-D1>. See 
PLR Pulse Decay Rate dy/d, Table 31 1.75 7 mV/ns 
PLR Pulse Setup Time taam 500 ns 
PLR Pulse Delivery Time ten 1200 ns 
0 < AVpeser < 1 -20 20 % 
PLR Pulse Amplitude Accuracy AVpeset 
1< AVreset -25 25 % 
PLR Pulse Width Accuracy tpw 50 ns < tpw < 200 ns -20 20 % 
PLR Pulse Decay Rate Accuracy Ady/d, aN SS Clee] MNS -20 20 % 


MODE SWITCHING CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iy_=8.0OMA, Ryr_=45Q, lw=40.0mA, L4y=85nH, Ry=12Q, 
foata=20MHz. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Read to Write Mode taw To 90% of write current 43 50 ns 
RDP/RDN to within +30mV 
Write to Read Mode twr of final value or 90% of read 180 300 ns 
envelope ! 
RDP/RDN to within +30mV 
Idle to Read Mode 23 tia of final value or 90% of read 6 10 us 
envelope 
Se 
Read Mode, Head Select to Any a ss see { 
Baad! Is ewhteh 2 tus of final value, or 90% of read 6 0 us 
aM envelope, or 90% of Inq 
Idle Mode Powerup Time 
(from Sleep Mode) a00 id 
Read to Idle 2 tr To 10% of read envelope 0.16 0.5 us 
Write to Idle 2 twi To 10% of write current 27 50 ns 
Read Bias Disabled to t BIASN pin high to low to 90% of 10 j 
Bias Enabled ne Ir 
1. BIASN pin low for 10s preceding W/RN transition. 
2. Timing for mode change, which is initiated in serial register, is measured from SPE high to low edge. 
3. Sleep to Read mode change transitions through Idle mode and must remain in Idle mode for a minimum of 300Us. 
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FAULT CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 


PARAMETER CONDITIONS 
ly < 350nA, 

Vec Fault Threshold Fault detected 

Fault removed 


vu 
a) 
fez 
20 
U 
n 


Voc Fault Threshold Hysteresis 


ly < 350pA, 
Vpp Fault Threshold Fault detected 
Fault removed 


Vpp Fault Threshold Hysteresis 


Threshold for Open 
MR Head Fault Detection 


Threshold for MR Head Shorted 
to GND Fault Detection 


From Head Switch to Open MR 
Open MR Head Delay Head reported 
(SPE goes low to FLT pin low) 


AV across write element at next 
Writer Open/Shorted Head WDX/WDY transition, 
Detection Threshold where AV = Ropentiead lw OR 
Head resistance to GND <15Q. 


Open/Shorted Write Head 
Blanking Time 


Fault Safe guaranteed for write 


F 2 
REN delay. nile Gale to Bnsals data transitions <500ns apart. 


FLT delay, Write Unsafe to Safe ° 


TA FLT Delay 3 TA detected to FLT pin low 


TA FLT Pulse Width ° 


Temperature Threshold for Hot 
Fault 


1. Will not detect or report fault for write current transitions less than 7ns apart. 
2. See Figure 39 on page 79. 
3. See Figure 29 on page 61. 
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ADVANCE INFORMATION 


VM5430 


PROGRAMMABLE, DUAL SUPPLY, 
GIANT MAGNETO-RESISTIVE HEAD, 
READ/WRITE PREAMPLIFIER 


August 12, 1999 


FEATURES 


* General 
- Transfer Rates in Excess of 500 Mbits/sec 
- Designed for Use With Four-Terminal GMR Heads 
- 3-Line Serial Interface 
- Die Temperature Monitor Capability 
- Operates from +5 and -5 Volt Power Supplies 
- Upto 8 Channels Available 
- Fault Detect Capability 
- Servo Bank Write Capability 


* High Performance Reader 
- Current or Voltage Bias / Voltage Sense Configuration 
- Reader Bias Current/Voltage 6-bit DAC, 2 -10 mA Range 
- Programmable Read Voltage Gain 


(100 V/V to 250 V/V Typical) 
- Input Noise Voltage = 0.55 nV/VHz Typical 
- Input Noise Current = 8 pA/VHz Typical 
- Input Capacitance = 2 pF Typical 
- Programmable Bandwidths to 350 MHz Typical 


¢ High Speed Writer 
- Write Current 5-bit DAC, 15 - 65 mA Range 
- Rise Time 500 pS Typical 


(10-90%, ly = 50 MA, Lica = 70 nH, R = 109) 


DESCRIPTION 
The VM5430 is an integrated BICMOS programmable 


read/write preamplifier designed for use in high-performance 
hard disk drive applications using 4-terminal recording heads. 
The VM5430 contains a thin-film head writer, a giant 

magneto-resistive (GMR) reader, and associated control and 


fault circuitry. 
Programmability of the VM5430 is achieved through a 3-line 


serial interface that is 3.3V TTL/CMOS compatible. 
Programmable parameters include reader bias current/voltage, 
write current, gain, head selection and response, write current 
overshoot and undershoot, fault modes, thermal asperity 
detection and threshold, and dynamic thermal asperity 


compensation. 
Fault protection circuitry disables the write current generator 


upon critical fault detection. This protects the disk from potential 
data loss. For added data protection internal resistors are 
connected to I/O lines to prevent accidental writing due to an 


open line and to ensure power-up in a non-writing condition. 
The VM5430 operates from +5V, -5V power supplies. Low 


power dissipation is achieved through the use of high-speed 
BiCMOS processing and innovative circuit design techniques. 


The device also provides power saving idle and sleep modes. 
The VM5430 is available in a 48-pin TQFP package or bump 


die form for chip-on-flex applications. Please consult VTC for 
details. 
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ABSOLUTE MAXIMUM RATINGS 


Power Supply: 
Veo) wislsinisistisitaies vcantiisnabitientisaanndiutiedastsanniidentadantnan -0.3V to +6V 
MV ces wich apni apinicees caapaniedeneeeu aapaautesnieeeanaessaniegiy +0.3V to -6V 

Read Bias: 
Current, Ime 

Input Voltages: 
Digital Input Voltage, Vin 
Head Port Voltage, V, 


ateecess -0.3V to (Veg + 0.3)V 
eee eee -0.3V to (Vgg + 0.3)V 


Junction Temperature, Ty 10.0... cece cece ee eeee cerca eens 150°C 
Storage Temperature, Tog ..-..cccceeeceeeeesseeeeseeeeeees -65° to 150°C 
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RECOMMENDED OPERATING CONDITIONS 


Power Supply Voltage: 


Write Current, ly ........2.::::eceeeeeeeeeee eee eeeeeeeen ee 
Write Head Inductance, Ly 
Write Head Resistance, Rw 
Read Bias: 


Gurr nt; lige: ocssetewterd she nebiin cet cvenittaaeataesdetiuae 2-10mA 
VOlaG 6s. Vigiiesasestunecesisccmazcindicsacgasianenaceance 100 - 500 mV 
Read Head Inductance, Lyp .......eeeeeeec cece cece eee eects ee eee eee 10 nH 
Read Head Resistance, Ryp........-.- 25 - 80 Q (Imr*Rmr<700mV) 


Junction Temperature, Ty ............: cece ceeeee eee eee eee 0°C to 125°C 


GENERAL DESCRIPTION 


Serial Interface Controller 

The VM5430 uses a 3-line read/write serial interface for control 
of most chip functions including head selection, reader bias 
current/voltage magnitude and write current magnitude. 

See SERIAL PORT on page 87 for protocol descriptions, bit 
descriptions and timing information. 


Preamplifier Configuration and Selection 

All control lines on the VM5430 may be shared, including the 
serial lines SCLK, SDIO and SENA. Default settings are listed in 
Table 43 on page 93. 


OPERATING MODES 
Pin and register combinations select read/write, servo track 
write or mode operations as shown in Table 36. 


Table 36 Mode Select 


Pin 


Register:Bit 


R/WN | BIASN|SLEEPN IDLEN|BANK1/BANK Operational 
pin 5>|pin 13>) 4:<DO> |4:<D1>|4:<D6>|2:<D7> Mode 
0 Xx Xx Xx Sleep 
1 0 xX xX Idle 
1 1 0 0 Write 
Bias Active 
1 1 0 0 Write 
1 1 1 1 Servo Write 
1 1 0 0 Read 
Bias Active 
1 1 0 0 Read 


Note: Two or more independent failures are required to cause 
an illegal chip selection, in which case the FLT pin is 
asserted and an error code is generated. 


Test Modes 

Test modes allows the user to calculate the read head 
resistance or to monitor the die temperature or buffered head 
voltage. 
Read Head Resistance 

The resistance of the MR head can be measured in three 
ways: an automatic digital conversion, an iterative method using 
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DBHV and threshold settings to trigger or not trigger a fault, or 
by monitoring the ABHV output. 
Digital Conversion 

To perform digital conversion of the read head resistance: 

1) Place device in Read Mode (see Table 36). 

2) Set the RMR/TEMP bit (9:<DO>) low to enter the MR 
resistance measurement mode. 

3) Set DIGON bit (7:<D7>) high and wait 50us for the 
preamp to convert the resistance. (DIGON automatically 
resets low when the conversion is complete.) 

4) The resistance is stored in DSTRO-6 as a 7-bit word ina 
direct binary format. For example, if 7:<D6-D0> = 
0010000 the MR head resistance is 16 Ohms. (The 
measurement range for MR resistance is 0 - 127 Q.) 

Note: MR bias current is always enabled in this mode. 
Iterative Resistance Reading 
To perform the iterative resistance reading: 

1) Place device in Read Mode (see Table 36). 

2) Set the DBHV bit (4:<D3>) high to enter the MR 
resistance measurement mode. 

3) Monitor the FLT/ABHV/DBHV pin to determine the 
voltage across the MR element: 

- A high indicates the voltage is within the window (150mv to 
320mv). 
- A low indicates the voltage is outside the window. 

4) Vary the MR bias current (9:<D2> and 1:<D3-D7>) to 
determine where the defined thresholds are crossed. 
The FLT line is not valid until the Iyj,_ change settles; 
values for this are listed in SWITCHING 
CHARACTERISTICS on page 101. 

5) Resistance can be inferred from the threshold settings. 

Buffered Head Voltage 
To output the MR head voltage on the FLT/ABHV/DBHV pin: 

1) Place device in Read Mode (see Table 36). 

2) Set ABHV bit (9:<D7>) high to output the MR head 
voltage as scaled by a gain of 5. 

Note: If ABHV and DBHV are both high, ABHV takes prece- 
dence. See the truth table in PINFUNCTION LIST AND 
DESCRIPTION on page 95. 
Die Temperature Monitoring 
The die temperature range is 0°C to 150°C. To measure the 
die temperature: 

1) Set RMR/TEMP (9:<D7>) high to enable the die 
temperature. 

2) Set DIGON bit (7:<D7>) high and wait 50us for the 
preamp to convert the temperature. (DIGON 
automatically resets low when the conversion is 
complete.) 

3) The die temperature is stored in DSTRO-6 as a 7-bit 
word in a binary format using the formula below. For 
example, if 7:<D6-D0> = 0100000 the die temperature is 
38°C (32°C x 1.18). 

T = 1.18k (eq. 10) 


where k = 0 - 127 and T is degrees Centigrade 
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Sleep Mode 

In the sleep mode power consumption is minimized. All 
outputs are disabled (except in test mode). The writer current 
source and the reader bias current/voltage source are 
deactivated and faults are not detected in Sleep Mode. 

Sleep mode is selected by setting 4:<D0O> = 0, see Tables 36, 
40 and 42. 

Note: Always transition from Sleep to Idle mode 10 us before 

entering an active mode. 


Idle Mode 

The internal write current generator, write current source and 
read bias current/voltage source are deactivated while the RDN 
and RDP outputs switch to a high impedance state. The serial 
register contents remain latched and filter capacitance bias is 
maintained to reduce power-up delay. Faults are not detected in 
Idle Mode. 

Idle mode is triggered by setting 4:<D1> = 0, see Tables 36, 40 
and 42. 


Dummy Mode 

Setting DUMMY (9:<D1>) high directs the MR bias 
current/voltage to an internal dummy head. This maintains the 
reader bias at operational levels for quick read recovery. 


Read Mode 

In the read mode, the circuit operates as a low noise 
differential amplifier that senses resistance changes in the 
reader element which correspond to flux changes on the disk. 

Read mode is selected by setting the R/WN pin high. In the 
read mode the bias generator, the input multiplexer, the read 
preamp and the read fault detection circuitry are active. 

The VM5430 uses the voltage-sensing reader architecture 
with biasing programmable as current or voltage. The magnitude 
of the reader bias current/voltage is set to the value programmed 
in 9:<D2> and 1:<D3-D7>. The equations below govern the read 
bias current/voltage magnitude: 


Current Mode 


. 17 
Ime = 2+ (kup: 0-127]mA a 


Voltage Mode 


Var = 100+ [kyyp : 6.35]mV Bree 


kip = 0 to 63 


The reader operates in one of two constant bias modes: 

* Current bias mode is selected by setting 9:<D4> = 0, and 

* Voltage bias mode is selected by setting 9:<D4> = 1. 

In the current bias mode a constant current is applied to the 
MR element. In voltage bias mode a constant voltage is applied 
to the MR element. The applied value is programmed in 9:<D2> 
and 1:<D3-D7>. 

Read head center voltages are controlled in all modes and are 
held near ground potential. This reduces the possibility of 
damaging head-media arcing and minimizes current spikes 
during disk contacts. Selected heads are held within +500mV of 
ground and unselected heads are held at approximately 
-800mV. 

The reader enters a fast recovery mode during modal 
transitions, serial operations, and when the reader is biased 
during a write mode. The fast recovery mode minimizes signal 
anomalies on the reader outputs. 
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Read Bias Enable in Read Mode 

Reader bias is controlled in the read mode by the BIASN pin. 
Taking the BIASN pin high in read mode disables the current to 
the selected read head. 


Fault Detection in Read Mode 

In the read mode, a TTL low on the FLT/ABHV/DBHV pin 
indicates a fault condition. Fault codes, conditions and the 
modes in which they are valid are listed in Table 44. 

Specific fault conditions may be disabled by setting the Fault 
Reporting Mode, 6:<D6-D0> as shown in Table 45. The default 
setting (0000) is to enable all faults. 

Fault codes are cleared by setting the Clear Fault bit, 6:<D7> 
= 1 or by a power-up reset (see Table 43). The following are valid 
read fault conditions: 

¢ MR Overcurrent 

« Thermal Asperity Detected 

*« Read Head Open 

* Read Head Shorted 

¢ Low Vg or Veg 

* Overtemperature 

* Invalid Head Selected 


Read Gain 

The default gain is 100 V/V with a head resistance of 55Q. 
Read Gain may be increased in 50V/V increments using a 2-digit 
binary code in 4:<D2 and 9:<D3>. The formula that describes 
the actual gain is shown below: 


475 
420 +Ryp 
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GAIN = [100 + 50(kg ayn] (eq. 13) 


kgain = 9-3 


Fast Mode 

Setting the FAST bit (4:<D5>) high in read mode, raises the 
low corner frequency to 5MHz. If the FAST bit is low, the low 
corner frequency is set to the value programmed in LFP 
(5:<D4-D5>). 


Thermal Asperity Detection and Recovery 
Detection 

Setting the TAD bit high (3:<D3>) enables positive or negative 
thermal asperity detection. 

If a head-to-disk contact occurs, the thermal asperity in the 
read element will result in a fault condition. The range of the 
voltage threshold is governed by the following equation and is 
set in 9:<D6> and 3:<D4-D7>: 


k 
Vigee 50 + [900 x (—t47)| 


Vrar represents the TA threshold (output-referred in mVpk). 
krar represents the TA DAC setting (0-31). 


(eq. 14) 


Note that a fault condition resulting from a thermal asperity will 
remain active until the positive or negative hysteresis is <20% of 
the threshold. 


Fast Recovery 

Setting the TA Compensation (TAC) bit high (9:<D5> = 1) 
automatically initiates the Fast Recovery mode if a thermal 
asperity is detected. 

The low frequency corner is raised to 5MHz from the nominal 
value programmed in 5:<D4-D5>. Raising the low frequency 
corner removes the low frequency component of the asperity 
event and allows the preamp to reach its DC operating point 
rapidly after a thermal asperity occurrence. 
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Note: The TA detection circuitry must be enabled in 3:<D3>. 


Write Mode 

In the write mode, the circuit operates as a write current switch, 
driving the thin-film write element of the head. 

Write mode is selected by setting the R/WN pin low. 

The magnitude of the write current is determined by the write 
current registers (2:<D0-D4>). The following equation governs 
the write current magnitude: 


Iy = 15+ (kp: 1.61)mA (eq. 15) 


lw represents the write current (mA flowing to the selected head). 
kw represents the write current DAC setting (0 to 31). 


The write data (PECL) signals on the WDX and WDY lines 
drive the current switch of the selected head. 
See Figure 43 for the timing diagram. 


Write Current DAC 
Register 2:<D0-D4> represent the binary equivalent of the 
DAC setting (0-31, LSB first). 


Read Bias Enabled in Write Mode 

Taking the BIASN pin low (at least 5us before the R/WN pin is 
set high) enables reader bias current/voltage to the selected 
head. The read circuitry is in its normal “read” state except that 
the outputs are disabled. Another circuit is enabled to maintain 
the common-mode voltage at the reader outputs, thereby 
substantially reducing write-to-read transition times. 


Write Data Modes 

Setting the WVORI bit low (5:<D35) initiates Write Data Inputs 
in Voltage Mode. Setting the WVORI bit high initiates the Write 
Data Inputs in Current Mode. 


Fault Detection in Write Mode 

In the write mode, a TTL high on the FLT/ABHV/DBHV pin 
indicates a fault condition. Fault codes, conditions and the 
modes in which they are valid are listed in Table 44. 

Specific fault conditions may be disabled by setting the Fault 
Reporting Mask, 6:<D0-D6> as shown in Table 45. The default 
setting (000000) is to enable all faults. 

Fault codes are cleared by setting the Clear Fault bit, 6:<D7> 
= 1 or by a power-up reset (see Table 43). 

The following are valid write fault conditions: 

« Write Data Frequency Low 

* Open or Shorted Write Head 

* Servo Fault 

* Low Voc or Veg 

* Overtemperature 

* Invalid Head Selected 
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Servo Write Mode 

In the servo write mode, up to eight channels may be written 
simultaneously. 

Table 42 indicates how heads can be selected for individual or 
simultaneous writing. 

Setting both BANK bits (2:<D7> and 4:<D6>) to ‘1’ and holding 
the R/WN pin low places the preamp in servo write mode (see 
Table 36). A high in SHDn (8:<D0> to 8:<D3> selects the 
specific head pair on which to perform the servo write. The 
default setting is to select all heads (8:<DO-D3> = 1111). 

Note: It is the customer’s responsibility to make sure the ther- 
mal constraints of the die/flex/package are not exceeded. 
(This could be achieved by lowering the supply voltage, 
reducing the write current or cooling the device.) 

A servo fault is generated if BANK bit (2:<D7> or 4:<D6>) 
settings do not match as shown in Table 37. 


Table 37 Servo Faults 


BANK1 BANK 0 Mode Fault 
4:<D6> 2:<D7> 
0 0 Active ' No 
0 1 Active | Yes 
1 0 Active ' Yes 
1 1 Servo No 
1. Active includes all modes (read, write, idle, sleep or test), except servo. 
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SERIAL PORT 


Serial Interface 
The VM5430 uses a 3-line read/write serial interface for control of most chip functions including head selection, reader bias 
current/voltage magnitude and write current magnitude. See Tables 39 and 40 for a bit description. 
The serial interface has two input lines, SCLK (serial clock) and SENA (serial enable), and one bidirectional line SDIO (serial data 
input/output). The SCLK line is used as reference for clocking data into and out-of SDIO. The SENA line is used to activate the SCLK 
and SDIO lines and power-up the associated circuitry. When SENA is low only the output D-latches and the reference generators 
remain active. An internal pull-down resistor is connected to SENA to ensure power-up in a non-writing condition and to prevent 
accidental writing due to open lines. 
16-bits constitute a complete data transfer as shown in Figure 40. 
* The first 8-bits <A7-A0> are write-only and consist of: 
- one command bit <A0> (high for read, low for write), 
- three chip select bits <A3-A1> that validate the preamplifier address logic levels in Table 39, and 
- four register address bits <A7-A4>. 

* The second 8-bits <D7-DO> consist of data to be written-to or read-from the control registers. 


A data transfer is initiated upon the assertion of the serial enable line (SENA). Data present on the serial data input/output line (SDIO) 
will be latched-in on the rising edge of SCLK. During a write sequence this will continue for 16 cycles; on the falling edge of SENA, the 
data will be written to the addressed register. 

During a read sequence, SDIO will become active on the falling edge of the 9th cycle (delayed to allow the controller to release control 
of SDIO). At this time <DO> will be presented and data will continue to be presented on the SDIO line on subsequent falling edges of 
SCLK. 

Note: Data transfers should only take place in idle or write modes. I/O activity is not recommended in read mode. The reader 

invokes a fast mode while a serial interface operation occurs. 

See Tables 39 and 40 for a bit description. See Table 38, and Figures 41 and 42 for serial interface timing information. 


Clk 1 Clk 16 


Preamp 
Address Bits Register Address Bits Data Bits 


SDIO (Rw X Ai X a2 Xas Kas Xas Kas XAT X Do X 01 X D2 X ds X D4 X Ds X 06 X D7 ) 


SENA / \ 


Figure 40 Serial Port Protocol 
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Table 38 Serial Interface Parameters 


DESCRIPTION 
Serial Clock (SCLK) rate, write 
SENA to SCLK delay 
SDIO setup time, write 
SDIO delay time, read 
SDIO hold time 
SCLK cycle time 
SCLK high time 
SCLK low time 
SENA hold time 
Time between I/O operations 
Time from controller releasing SDIO 
(tristate) to SCLK falling edge 
Time to activate SDIO 
Duration of SerEna (read) 
Duration of SerEna (write) 


SYMBOL 


Note: SENA assertion level is high. 


‘Tekh | Tckl 
~ a $$ << 


SDIO 


Rwb Al A2 = — D5 


ae 
" Twds | Th’ 


Tsens Tshld : 
i Tat =_— 
Figure 41 Serial Port Timing - Write Operation 
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Figure 42 Serial Port Timing - Tristate Control during Read Operation 
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Serial Registers 

8-bit registers are accessible for read/write operations via the serial interface. Table 39 lists the serial address for each register. Table 
40 lists the data contents of the basic register set and Table 41 lists register selections available as options. A description of the 
individual bits is provided in Table 42. 


o 
= 
cc 
=i 
Table 39 Serial Interface Addressing fo 
: Register Preamp i 
Registor# Address Bits Address Bits aw EE 
<A7> <A6> <A5> <A4> <A3> <A2> <A1> <A0> 
0 0 0 0 0 
1 0 0 0 1 
2 0 0 1 0 
3 0 0 1 1 
4 0 1 0 0 Owe 
5 0 1 0 1 0 0 1 sie 
6 0 1 1 0 ~ 
7 0 1 1 1 
8 1 0 0 0 
9 1 0 0 1 
10 1 0 1 0 
Table 40 Serial Interface Bit Map - Base Registers 
; . Data Bits 
Regenon Register # <D0> <D1> <D2> <D3> <D4> <D5> <D6> <D7> 
Vendor ID 0! VENDO VEND1 VEND2 REVO REV1 REV2 CHNL 2 
Head Select/IMR 1 HSO HS1 HS2 3 IMR1 IMR2 IMR3 IMR4 IMR5 
Write Current 2 Iwo Iw Iw2 IW3 IWw4 - a BANKO 
Thermal Asperity 3 OSCO OSC1 OSC2 TAD TA1 TA2 TA3 TA4 
Mode Select 4 SLEEPN IDLEN GAINO DBHV 2 FAST BANK1 2 
1. Read Only Register/Bits: 
Register 0:<D0-D2> is the Vendor ID code (VTC=010), 
Register 0:<D3-D5> is the Vendor revision code. Initial revision shall be (REVO = 0, REV1 =0, REV2 = 0), 
Register 0:<D6> is the Channel count (0 = 8 channel, 1 = 4 channel), 
2. Reserved. 
3. Use restricted to 8-channel device. 
Table 41 Serial Interface Bit Map - Optional Registers 
; . Data Bits 
FaeHen Registers <D0> <D1> <D2> <D3> <D4> <D5> <D6> <D7> 
eee 5 usco | USC1 usc2 | wvori | LFPO LFP1 BWo BW1 
Fault 6 FLTO FLT1 FLT2 FLT3 FLT4 FLT5 FLT6 CLRFC 
Resistance/Temp 7 DSTRO DSTR1 DSTR2 DSTR3 DSTR4 DSTR5 DSTR6 DIGON 
Servo 8 SHD1/0 SHD3/2 SHD5/4 SHD7/6 | FCODEO | FCODE1 | FCODE2 | FCODE3 
Other 9 ui DUMMY IMRO GAIN1 IN TAC TAO ABHV 
VTC Test 10 TTOSC : 1 GMCTL | GMCTL | GMCTL | GMCTL L 


1. Reserved for VTC testing. 
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Register | Bits Function Symbol Description 
0 DO-D2 Vendor Code VENDn | Binary Vendor Code (010 = VTC) 
sk REVn_ | Binary Revision Count: 
pS-Ds Pevisiomotran Revision 1 (000) to Revision 8 (111). Count restarts at 1after exceeding 8: 
CHNL_ | 0 = 8 Channel device 
Ce Ghianel noun 1 = 4 Channel device 
D7 Reserved 
1 DO-D2 Head Select HSn Binary selection of head HS2 HS1 HSO 
Head Select 0:<D2>|0:<D1>]0:<D0O> 
0 0 0 0 
1 0 0 1 
2 0 1 0 
3 0 1 1 
4 1 0 0 
5 1 0 1 
6 1 1 0 
7 1 1 1 
Note: Use of HS2 (0:<D2>) is restricted to 8-channel device. 
D3-D7 Bias Level - MSB IMRn _ | Binary selection of MR Head Bias - 5 most significant bits 
Current Bias = 2mA (00000) to 9.87mA (11111) in 0.254mA increments. 
Voltage Bias = 100mV (00000) to 494mV (11111) in 12.7mV increments. 
Note: The 5 most significant bits independently function as the Imp or Vr 
setting. The least significant bit of IMR DAC (9:<D2>)doubles the bias 
level resolution set by these bits. 
Note: Current or Voltage Bias is selected in 9:<D4>. 
2 DO-D4 Write Current IWn Binary selection of Write Current 
15 mA (00000) to 65 mA (11111) in 1.6 mA increments. 
D5-D6 Reserved 
D7 Servo Bank 0 BANKO | 0/1 = See Table 37, “Servo Faults,” on page 86 
Note: BANK1 (4:<D6>) must also be selected for a valid servo write. 
Note: Register 8:<D0-D3> defines which heads to servo write. Default is 
to servo write 8 heads (see Table 43). 
3 DO-D2 Overshoot Control OSCn__| Overshoot Control 
TBD % 000) to TBD % (111) in TBD % increments. 
D3 Thermal Asperity TAD 0 = TA Detection disabled. 
Detection 1 = TA Detection enabled. 
D4-D7 Thermal Asperity TAn Binary selection of Thermal Asperity Threshold - 4 most significant bits 
Threshold - MSB TA Range = 50 mV (00000) to 949 mV (11111) in increments of 29 mV. 
Note: Least significant bit of thermal asperity (TAO) is stored in 9:<D6>. 
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Register | Bits Function Symbol Description 
4 DO Sleep SLEEPN | 0/1 = See Table 36, “Mode Select,” on page 84 
Note: This bit has precedence over the IDLEN bit (4:<D1>). 
D1 Idle Mode IDLEN | 0/1 = See Table 36, “Mode Select,” on page 84 
Note: The SLEEPN bit (4:<D0>) has precedence over this bit. 
D2 Gain - LSB GAINO | Binary selection of MR Reader Gain least significant bit} GAIN1 | GAINO 
Gain 9:<D3>| 4:<D2> 
100 V/V 0 0 
150 V/V 0 1 
200 V/V 1 0 
250 V/V 1 1 
Note: Register 9:<D3> defines GAIN1 - MSB. 
D3 Digital Buffered Head DBHV_ | 0 = Disable 
Voltage Output 1 = Enable 
Note: DBHV is overridden when ABHV (9:<D7>) is enabled. 
D4 Reserved 
D5 Fast Mode FAST | Raises low corner frequency 5 MHz 
0 = Disable 
1 = Enable 
D6 Servo Bank 1 BANK1 | 0/1 = See Table 37, “Servo Faults,” on page 86 
Note: BANKO (2:<D7>) must also be selected for a valid servo write. 
Note: Register 8:<D0-D3> defines which heads to servo write. Default is 
to servo write 8 heads (see Table 43). 
D7 Reserved 
5 DO-D2 Undershoot Control USCn__| Undershoot Control 
TBD % (000) to TBD % (111) in TBD % increments. 
D3 | Write Voltage or Current | WVORI | 0 = Voltage mode write data inputs. 
1 = Current mode write data inputs. 
D4-D5 | Low Frequency (-3dB) LFPn_ | Binary selection of Low Frequency Bandwidth: LFP1 |LFPO 
Bandwidth Low Frequency Bandwidth 5:<D5>| 5:<D4> 
1 MHz 0 0 
2 MHz 0 1 
3 MHz 1 0 
5 MHz 1 1 
D6-D7 Bandwidth BWn Binary selection of Bandwidth: BW1 | BWO 
Bandwidth 5:<D7>| 5:<D6> 
200 MHz 0 0 
250 MHz 0 1 
300 MHz 1 0 
350 MHz 1 1 
6 DO-D6 Fault Mask FLTn | Fault Reporting Mask 
See Table 45. 
D7 Clear Fault Codes CLRFC | 0 = Retain faults 
1 = Clear faults 
Note: CLRFC resets to 0 after fault codes clear. 
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Table 42 Serial Register Data Bit Descriptions 


Register | Bits Function Symbol Description 


7 DO-D6 MR Resistance or DSTRn | Binary output (read only) of MR Head Resistance or Die Temperature: 
Die Temperature Resistance range is 0 to 127 Ohms. 

Temperature range is 0 to 150°C. 

Note: 7:<D7> selects analog or digital output. 

Note: Register 9:<D0> selects resistance or temperature output. 


a) 
a) 
fe 
20 
U 
n 


D7 {Internal Digital Conversion} DIGON | 0 = Analog-to-digital conversion off 

1 = Start analog-to-digital conversion 

Note: DIGON resets to 0 when analog-to-digital conversion completes. 
Note: Reader Resistance or Die Temperature output is selected in 
9:<D0> and the measurement is stored in 7:<D0-D6>. 


8 DO-D3 Servo Head Select SHDn_| Binary selection of the head pairs to be servo track written. 
Examples: 
1. 1000 = Servo Write Head Pair 6/7 [8 channel IC only (0:<D6> =0)): 
2. 0011 = Servo Write Head Pairs 0/1 and 2/3: 
- BitO=1 selects HDO/1 pair 
- Bit 1=1 selects HD2/3 pair 
- Bit 2 =0 deselects HD4/5 pair 
- Bit 3 =0 deselects HD6/7 pair 
Note: Default is to servo write all heads (see Table 43). 
Note: BANKO and BANK1 (2:<D7> and 4:<D6>) must be selected to 


servo write. 
D4-D7 Fault Condition FCODEn | Binary code of Fault(s) 
See Table 44. 
9 DO MR Head Resistance or | RMR/ |0=MR Head Resistance stored in DSTRn register (7:<D0-D6>). 
Die Temperature TEMP | 1 = Die Temperature stored in DSTRn register (7:<D0-D6>). 


D1 Dummy MR Head Load | DUMMY | 0 = MR Head selected using HSn register (1:<D0-D2>) setting. 
1 = Dummy head resistive load selected. 


D2 Bias Level - LSB IMRO | Binary selection of MR Head Current Bias least significant bit 

Current Bias = 2mA (000000) to 10mA (111111) in 0.127mA increments. 
Voltage Bias = 100mV (000000) to 500mV (111111) in 6.35mV incre- 
ments. 

Note: The 5 most significant bits of IMR DAC (IMR1 to IMR5) are stored 
in 1:<D3-D7> and independently function as the Iy_ or Viv; setting. This 
bit (the LSB) functions as a Ip or Vu, resolution doubling bit to the most 
significant bits (from 0.254mA or 12.7mV when only IMR1-IMR5 are 
used). 

Note: Current or Voltage Bias selected in 9:<D4>. 


D3 Gain - MSB GAIN1 | Binary selection of MR Reader Gain - most significant bits 
See register 4 bit 2 for an explanation of Reader Gain settings. 
Note: Register 4:<D2> defines GAINO - LSB. 


D4 Current or Voltage Bias /V 0 = Current bias mode. 
1 = Voltage bias mode. 
Note: Bias level is set in registers 9:<D2> and 1:<D3-D7> 


D5 Thermal Asperity TAG 0 = No TA Compensation. 
Compensation 1 = TA Compensation selected. 
Note: TA Detection must be enabled in 3:<D3> for TAC to function. 
D6 Thermal Asperity TAO Binary selection of Thermal Asperity Threshold - least significant bit 
Threshold - LSB TA Range = 50 mV (00000) to 949 mV (11111) in increments of 29 mV. 
Note: Most significant bits of thermal asperity (TA1-TA4) are stored in 
3:<D4-D7>. 
D7 Analog Buffered Head ABHV_ | 0 = Disable 
Voltage Output 1 = Enable 


Note: ABHV overrides DBHV (4:<D3>). 
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Table 42 Serial Register Data Bit Descriptions 


Register | Bits Function Symbol Description 
10 DO Reserved an 
D1 TTOSC Reserved for VTC testing = 
D2 Reserved = ri 
D3-D6 GMCTL Reserved for VTC testing ° 
D7 Reserved 


Table 43 Power-on Reset Register Values 


: : Power-on Reset Value 

Function Register Number <D7-D0> 
Vendor ID 0 <XXXX XXXX> 
Head Select/IMR 1 <0000 0000> 
Write Current 2 <0000 0000> 
Thermal Asperity 3 <0000 0100> 
Mode Select 4 <0000 0000> 
Bandwidth/Undershoot 5 <1100 0100> 
Fault 6 <0000 0000> 
Resistance/Temp 7 <0000 0000> 
Servo 8 <XXXX 1111> 
Other 9 <0000 0000> 
VTC Test 10 <0000 0000> 
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Fault Reporting and Masking 


Table 44 Fault Conditions and Codes 


vu 
g = ping tin Fault Priority ‘| Valid Mode(s) | Mask? Conditions 
a 0000 No Fault - Read or Write - 
0001 Reserved 3 Read - 
0010 MR Overcurrent 2 Read M 
0011 Thermal Asperity Detected 6 Read M 
0100 Read Head Open 7 Read Ms 
0101 Read Head Shorted 8 Read M3 
0110 Write Data Frequency Low 5 Write M 
0111 Write Head Open/Shorted 3 Write M 
1000 Servo Fault 9 Read or Write Unmatched servo bank bits 
1001 Low Vcc OF Veg 1 Read or Write M 
1010 Reserved - - - 
1011 Overtemperature 10 Read or Write M Temp > 140°C 
1100 Invalid Head 4 Read or Write Only applies to 6 or 12 channel devices 
1101 Reserved - - - 
1110 Reserved - - - 
1111 Reserved - - - 


1. First fault reported is latched until a higher priority fault is reported or the code is cleared. 
2. See Table 45 for an explanation of fault masking. 
3. Single bit masks both faults. 


Setting the appropriate bit(s) listed in Table 45 masks the fault(s) at both the fault register and the FLT pin. If 6:<D7-D0> = 0000 
0101, an MR Overcurrent fault is masked with the 6:<D0> bit and Read Head Open and Read Head Shorted faults are masked with 
the 6:<D2> bit. 


Table 45 Fault Masking 


Mask Bit Mask Bit 


Register 6 Fault(s) Masked ' Revisier6 Masked Fault 
<D0> MR Overcurrent <D4> Write Head Open/Shorted 
<D1> Thermal Asperity Detected <D5> Low Vcc or Veg 
<D2> Read Head Open/Shorted <D6> Overtemperature 
<D3> Write Data Frequency Low 


1. Single bit masks both Read Head Open and Read Head Shorted faults. 
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. Logic Level a 
Signal Input/Output Default 1 Description , 
FLT/ABHV/DBHV oO? - Write/Read Fault and Buffered Oniauit ABHV DBHV = 
Head Voltage (Analog or Digital) as a 9:<D7> 4:<D3> =i 
shown in truth table: FLT 0 0 - 
¢ Fault (FLT) output: 
- ATTLhigh level indicates a DBHV 0 1 
fault in write mode. ABHV { 0 
- ATTLlow level indicates a fault 
in read mode. ABHV . : 
* Analog or Digital Buffered Head 1. ABHV overrides DBHV setting. 
Voltage output when ABHV Output is Analog Buffered Head Voltage (ABHV). 
and/or DBHV is enabled. 
GND S - Ground 
HRON-HR7N | - Read head connections, negative end. 
HROP-HR7P | - Read head connections, positive end. 
HWOX-HW7X O - Thin-Film write head connections, positive end. 
HWOY-HW7Y O - Thin-Film write head connections, negative end 
R/WN 12 high Read/Write: 
A TTL low level enables write mode. 
BIASN high MR Bias: 
¢ When 4:<D3> = 0 (BIASN): 
- A TTL high level diverts MR current internally and common mode clamps the 
reader outputs. 
- A TTL low level enables bias current through the active head. 
RDP, RDN oO? - Read Data: 
Differential read signal outputs. 
SCLK |? low Serial Clock: 
Serial port clock; see Figure 40. 
SDIO 0? low Serial Data: 
Serial port data; see Figure 40. 
SENA [2 low Serial Enable: 
Serial port enable; see Figure 40. 
VCC . - +5.0V supply 
VEE 7 7 -5.0V supply 
WDX, WDY 12 high Differential Pseudo-ECL write data inputs 


1. 40kQ pullup/pulldown resistors are used to default pins to specified high or low levels. 
2. When more than one device is used, these signals can be wire-OR’ed together. 
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TYPICAL CONNECTION DIAGRAM 


3 HWnX +5V 
fez ae T 
20 vec |___4 
D 
ELF Ln | 
HRnP 5kQ 
o 
L_] HRnN 
| GND 
+5V 
vcc 
220pF 
RDX|__} 
-5V T Read 
a 5002 © Outputs 
|__| Vee RDY|—| 
220pF 


Note: The structure placements in the diagram are not meant to indicate pin/pad locations. The connections shown will apply regard- 
less of pin/pad location variation. 


Application Notes: 


* Power supplies have been separated by Read/Write functionality to reduce noise coupling. 
If separate supplies are not available, VTC recommends that the supply lines be connected externally some distance from the 
preamp. 


* Data transfers should only take place in idle or write modes. I/O activity is not recommended in read mode and will result in reader 
performance degradation. 


« VTC recommends placing decoupling 0.1 uF and 0.01 uF capacitors in parallel between the following pins: 
VCC - GND 
VEE - GND 


* For maximum stability, place the decoupling capacitors as close to the pins/pads as possible. 
* Minimum FLT pullup resistance is 5 kQ. 
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STATIC (DC) CHARACTERISTICS 


Recommended operating conditions apply unless otherwise specified. Iyj_=5 mA, ly = 50 mA. 


VM5430% 


& 


/ 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Read Mode 92 TBD 
Write Mode 93 175 
mA 
Voc Power Supply Current loc Write Mode, Reader Biased 135 TBD 
Idle Mode 15 TBD 
Sleep Mode TBD HA 
Read Mode 38 TBD 
Write Mode 68 150 
mA 
Vee Power Supply Current lee Write Mode, Reader Biased 86 TBD 
Idle Mode 2 TBD 
Sleep Mode 20 TBD HA 
Read Mode 650 TBD 
Write Mode 805 TBD 
Power Supply Dissipation Py Write Mode, Reader Biased 1105 TBD mW 
Idle Mode 85 TBD 
Sleep Mode 2.6 TBD 
Read Mode 92 TBD 
Voc Power Supply Current loc 
Write Mode 93 175 
mA 
Input High Voltage V TTL 2.0 Voc 
IH +0.3 
Input Low Voltage ViL TTL -0.3 0.8 
PECL 120 
Input High Current, V4 = 2.0V Ni HA 
TTL 80 
PECL 100 
Input Low Current, Vj, = 0.5V lie HA 
TTL -160 
Output High Current lon FLT: Voy = 5.0V 50 HA 
Output High Voltage Vou TTL, loy=TBD 2.40 Voc V 
Output Low Voltage Vor TTL, lop = 4mA 0.6 V 
Voc Fault Threshold VotH Hysteresis = 100mV +10% 3.75 4.0 4.25 V 
Vee Fault Threshold VetH Hysteresis = 100mV +10% -4.25 -4.0 -3.75 V 
PECL 1.9 Voc V 
High Level WDATA 
Current Mode (sink) 25 100 200 HA 
PECL 1.5 Vin - 0.4 V 
Low Level WDATA 
Current Mode (sink) 0.8 1.0 2 
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STATIC (DC) CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. Iyjp_=5 mA, ly = 50 mA. 
PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
uv 
m = WDATA PECL swing Voltage mode differential ! 0.4 Vop 
= 
o Voltage compliance for WDATA CM of inputs when in current mode Voc -2.3 V 
READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iy_ = 5mMA, Lug = 30NH, Ryr_ = 55Q. 
PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Reader Head Current Range le 2 10 mA 
Reader Head Current Tolerance 2MA < Iya < 10 mA, -5 +5 % 
Reader Head Voltage Range Vur 100 500 mV 
Reader Head Voltage Tolerance 100 mV < Vur; < 500 mV, -5 +5 % 
Unselected Reader Head Current 100 HA 
VIN = 1mVpp @ 20MHz, 
Rigi = TBD, 100 VIV 
Differential Voltage Gain Ay Gain Bits = 00 
Gain Bits = 11 250 V/V 
-1dB TBD TBD TBD 
Passband Upper Frequency Limit fur 
No Boost, -3dB TBD 350 TBD 
-1dB TBD TBD TBD 
Passband Lower Frequency Limit fia 
-3dB, normal mode, LFP = 00 TBD 1 TBD MHz 
Input Noise Voltage en 1 MHz <f < 100 MHz 0.55 _e 
lure = 8 MA, = 
Input Noise Bias Current in Noise independent of Iya 8 aoe 
1 MHz <f < 100 MHz 
1 MHz <f < 10 MHz TBD dB 
Noise Peaking 
10 MHz < f < 200 MHz TBD dB 
Differential Input Capacitance Cin TBD 2 4 pF 
Differential Inout Resistance Rin 400 Q 
AC input V where Ay falls to 90% 
Dynamic Range DR of its value at Vy = TBD @ f = 20 6 MV pp 
MHz 
Vom = TBD mVpp, 40 
3 ae 10 MHz <f < 200 MHz 
ommon Mode 
Rejection CMRE 1 MHz <f < 10 MHz 40 qd 
f < 100 kHz 60 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iy_= 5mMA, Lyra = 30NH, Ry; = 55Q. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
100mV,, ON Voc OF Vee, 40 
10 MHz < f < 200 MHz 
Power Supply 100mV,, ON Voc OF Vee, 
Rejection Pane 1 MHz <f < 10 MHz #0 ue 
100mV,, ON Voc OF Vee, 60 
f < 100 kHz 
Unselected Channels: 
Channel Separation cS Vin= 1MV,p, 50 dB 
1 MHz <f < 200 MHz 
er 100 mV,, on pins, 
Rejection of SCLK and SDIO 1 MHz <f < 100 MHz 40 dB 
Output Offset Voltage Vos - 50 mV 
Common Mode Output Voltage Voom 2.0 V 
Common Mode Output Voltage 
Difference AVocm Voom (READ) - Vocw (WRITE) TBD 
Reader Head Resistance Rue 25 55 80 
Single-Ended Output Resistance Rseo 25 
Output Current lo 4 mA 
Total Harmonic Distortion THD 0.5 % 
Reader Head Potential, Selected Wis Any point to GND 500 500 mV 
Head 
Reader Head Potential, 
Unselected Head Veer as - 
Reaner Differential Voltage 700 mV 
(Ime" Rue) 
Bias Current Settling —_ Iya = 4 MA, Ryp= 1002. TBD nS 
Reader Bias Current Overshoot 2.5 % 
TA Detection Response Time TA occurred to FLT active 20 40 nS 
Group Delay Variation (20 - 3 dB cutoff) MHz TBD nS 
MR Measurement Accuracy 4 % 
Temperature Measurement S 
2 Cc 
Accuracy 
BHV Accuracy 5 % 
BHV Gain 4.75 5 5.25 VV 
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WRITE CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: ly = 50mA b-p, L4= 70nH, Ry = 10Q, fpat, = SMHZz, 
0°<T <125°C. 


uv 
m = PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
= a 
o Write Current Range lw 15 65 mA 
Write Current Tolerance Alw 15 <ly<65mA -8 8 % 
Write Servo Current Tolerance -10 10 % 
Differential Head 
Voltage Swing Vou Open Head 6 Vee 
Unselected Head 
Transition Current lun : MAox 
Differential Output Capacitance Co 6 pF 
Write Data Frequency for Safe 
Condition foata FLT low 1 MHz 
ails Pala Precentey on roult foata Minimum bit transition time 7 nS 
Inhibit 
; : . lw = 50 mA b-p, 
Write Current Settling Time twser Head model provided TBD ns 
Write Data Input Terminal Resis- Voltage mode write data input 
Wai 150 Q 
tor only 
lw = 50 mA b-p, 
Write Current Overshoot Woov Head model provided TBD % 
WCP0=0, WCP1=0, WCP2=0 
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SWITCHING CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS p 
= 
R/WN to Write Mode trw To 90% of write envelope 30 50 nS = = 
oc 
To 90% of data envelope, 300 ne e 
R/WN to Read Mode twr DC Offset Level within 30 mV 
To 10% of ly envelope 50 nS 
Idle to Read Mode t To 90% of envelope, 5 Ss 
(SCLK 16th rising edge) IR DC Offset Level within 30 mV H 
To 90% of envelope, 
DC Offset Level within 30 mV, 1 rhs) 
TBD - Fixed Iyp- 
HS0-HS2 to Any Head tae To 90% of envelope, 
(SCLK 16th rising edge) DC Offset Level within 30 mV, 
Head Voltage Change not to 3 rhs) 
exceed 150 to 400 mV, Variable 
ln 
Idle (16th rising edge) to To 10% of read envelope or write 
trl 50 ns 
Unselect current 
Safe to Unsafe ! toy 50% WDX to 50% FLT 1.5 uS 
Unsafe to Safe ! tpo 50% WDX to 50% FLT 100 ns 
Head Current t From 50% points, 5 ns 
Propagation Delay ' D8 Ly=0, Ry=132. 
Write Data has 50% duty cycle & 
Asymmetry Asym 0.5nS rise/fall time, L4=0, 100 ps 
Ry=TBD 
10% - 90%, ly = 50 mA b-p, 
Lu=70nH, Ry=109. ane ps 
Rise/Fall Time t, / ts 
Head model provided, lw = 50 
mA b-p, Ly=OnH, Ry=02. TBD ie 
Read to Servo Write From 50%R/WN to 90% lw 50 nS 
Read to Servo Write 
Head Turn-on Variation TBD ns 
: To 90% envelope, DC offset level 
Servo Write to Read to within 20mV 1 rhs) 
Sane ite irent From 50% R/WN to 10% hy TBD nS 
Turn-off Time 


= 


. See Figure 43 for the write mode timing diagram. 
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wox-woyY | \  / \ / \ a a 
2 = toi 
BS FLT 
a ~<i— tbe 
> rae 
D3 
HWnxX - HWnY  o a a 
(lw) 


In voltage mode: When WDX > WDY current will flow from HWnX to HWnY. 
When WDY > WDX current will flow from HWnY to HWnX. 

In current mode: When sinking current from WDY current will flow from HWnX to HWnY. 
When sinking current from WDX current will flow from HWnY to HWnX. 


Figure 43 Write Mode Timing Diagram * 
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VM5430 PACKAGING 


4-CHANNEL CONNECTION DIAGRAM 
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4-Channel 
48-lead TQFP 


8-CHANNEL CONNECTION DIAGRAM 
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WDY Crs Sey 
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8-Channel 
48-lead TQFP 
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VM5431 


PROGRAMMABLE, DUAL SUPPLY, 
GIANT MAGNETO-RESISTIVE HEAD, 
READ/WRITE PREAMPLIFIER 


ADVANCE INFORMATION 


990812 August 12, 1999 
FEATURES BLOCK DIAGRAM 
* General GND VEE Vcc 

- Transfer Rates in Excess of 500 Mbits/sec oO O O 
- Designed for Use With Four-Terminal GMR Heads 
- 3-Line Serial Interface 
- Die Temperature Monitor Capability ee » ry eee 
- Operates from +5 and -5 Volt Power Supplies 
- Upto 8 Channels Available sient 2 Enis 
- Fault Detect Capability Souies a sa 
- Servo Bank Write Capability f ro 

* High Performance Reader F a: 

- Current or Voltage Bias / Voltage Sense Configuration |__J nwex 
- Reader Bias Current/Voltage 6-bit DAC, 2 -10 mA Range Reader Bias Current/voltage L__J awev 
- Programmable Read Voltage Gain 

(100 V/V to 250 V/V Typical) Write Current HR? 
- Input Noise Voltage = 0.55 nV/VHz Typical [eee 
- Input Noise Current = 8 pA/VHz Typical ceue Conti! A 
- Input Capacitance = 2 pF Typical | 
- Programmable Bandwidths to 350 MHz Typical SPIOO- Thermal Asperity Y a 

. SENA OH Detection Threshold Fault Q DBHV/ 

* High Speed Writer ABHV 

- Write Current 5-bit DAC, 15 - 65 mA Range A 
- Rise Time 500 pS Typical RAWN Cy Head Select 

(10-90%, ly = 50 mA, Licta = 70 nH, R = 109) 

Serial Controller 
DESCRIPTION 

The VM5431 is an integrated BICMOS programmable | 
read/write preamplifier designed for use in high-performance np 
hard disk drive applications using 4-terminal recording heads. BRE SS » 3 
The VM5431 contains a thin-film head writer, a giant rae = 
magneto-resistive (GMR) reader, and associated control and HRIP Cy « 
fault circuitry. HRIN Cy] 

Programmability of the VM5431 is achieved through a 3-line Oo 3 -—X) BIASN 
serial interface that is 3.3V TTL/CMOS compatible. oO = 
Programmable parameters include reader bias current/voltage, oT 
write current, gain, head selection and response, write current HRGP Cy) na 
overshoot and undershoot, fault modes, thermal asperity ee Controller 
detection and threshold, and dynamic thermal asperity poe = 

Fi HR7N 
compensation. 

Fault protection circuitry disables the write current generator 
upon critical fault detection. This protects the disk from potential 
data loss. For added data protection internal resistors are ABSOLUTE MAXIMUM RATINGS 
connected to I/O lines to prevent accidental writing due to an 
open line and to ensure power-up in a non-writing condition. Power Supply: 

The VM5431 operates from +5V, -5V power supplies. Low MW GG: wesinindattotinaiesmearaeetahnatateasdenateisedansnccataventaides ties -0.3V to +6V 
power dissipation is achieved through the use of high-speed M Bes setseasaaieaa inde saauianiatheaietans parnacaumacdeen seceeceerpicg +0.3V to -6V 
BiCMOS processing and innovative circuit design techniques. Read Bias: 

The device also provides power saving idle and sleep modes. Current, IM icvaieendp6Care, cla visas leceicevsiayaqavalataabiasd auetestsia laud Rralelenayasacalaw@iniaiaiad erate 18 mA 


The VM5431 is available in 4 or 8-channel bump die forms for 
chip-on-flex applications. Please consult VTC for details. 
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Input Voltages: 

Digital Input Voltage, Vin 
Head Port Voltage, V, 
Junction Temperature, T, 
Storage Temperature, T sig 


-0.3V to (Voc + 0.3)V 
-0.3V to (Voc + 0.3)V 


150°C 
-65° to 150°C 


1-105 


7) 
= 
o 
— 
=u 
ra 
a 


uv 
Be) 
m 
> 
= 
U 
7) 


YIN 


0@ 


Oy) VM5431 


RECOMMENDED OPERATING CONDITIONS 


Power Supply Voltage: 


Write Current, ly ........2.::::eceeeeeeeeeee eee eeeeeeeen ee 
Write Head Inductance, Ly 
Write Head Resistance, Rw 
Read Bias: 


Gurr nt; lige: ocssetewterdehenebin cet avenittagseataiedetiuns 2-10mA 
Voltages. V igiesasestinecesisetnazcindecsavgesaniniacdanace 100 - 500 mV 
Read Head Inductance, Lyyp .......ceeceeee eee eee eeee eee ee ee eee nee 10 nH 
Read Head Resistance, Ryp........-..- 30 - 80 Q (Imr*Rmr<700mV) 


Junction Temperature, Ty ........... cece ceeeee eee ee eee 0°C to 125°C 


GENERAL DESCRIPTION 


Serial Interface Controller 

The VM5431 uses a 3-line read/write serial interface for control 
of most chip functions including head selection, reader bias 
current/voltage magnitude and write current magnitude. 

See SERIAL PORT on page 109 for protocol descriptions, bit 
descriptions and timing information. 


Preamplifier Configuration and Selection 

All control lines on the VM5431 may be shared, including the 
serial lines SCLK, SDIO and SENA. Default settings are listed in 
Table 53 on page 115. 


OPERATING MODES 
Pin and register combinations select read/write, servo track 
write or mode operations as shown in Table 46. 


Table 46 Mode Select 


Pin Register:Bit 
R/WN | BIASN|SLEEPN IDLEN|BANK1|BANKO Operational 
pin 5> |pin 13>, 4:<DO> |4:<D1>|4:<D6>|2:<D7> Mode 
xX Xx 0 Xx Xx Xx Sleep 
X X 1 0 X X Idle 
0 0 1 1 0 0 Write 
Bias Active 
1 1 1 0 0 Write 
Xx 1 1 1 1 Servo Write 
1 0 1 1 0 0 Read 
Bias Active 
1 1 1 1 0 0 Read 


Note: Two or more independent failures are required to cause 
an illegal chip selection, in which case the FLT pin is 
asserted and an error code is generated. 


Test Modes 

Test modes allows the user to calculate the read head 
resistance or to monitor the die temperature or buffered head 
voltage. 
Read Head Resistance 

The resistance of the MR head can be measured in three 
ways: an automatic digital conversion, an iterative method using 
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DBHV and threshold settings to trigger or not trigger a fault, or 
by monitoring the ABHV output. 
Digital Conversion 

To perform digital conversion of the read head resistance: 

1) Place device in Read Mode (see Table 46). 

2) Set the RMR/TEMP bit (9:<DO>) low to enter the MR 
resistance measurement mode. 

3) Set DIGON bit (7:<D7>) high and wait 50us for the 
preamp to convert the resistance. (DIGON automatically 
resets low when the conversion is complete.) 

4) The resistance is stored in DSTRO-6 as a 7-bit word ina 
direct binary format. For example, if 7:<D6-D0> = 
0010000 the MR head resistance is 16 Ohms. (The 
measurement range for MR resistance is 0 - 127 Q.) 

Note: MR bias current is always enabled in this mode. 
Iterative Resistance Reading 
To perform the iterative resistance reading: 

1) Place device in Read Mode (see Table 46). 

2) Set the DBHV bit (4:<D3>) high to enter the MR 
resistance measurement mode. 

3) Monitor the FLT/ABHV/DBHV pin to determine the 
voltage across the MR element: 

- A high indicates the voltage is within the window (150mv to 
320mv). 
- A low indicates the voltage is outside the window. 

4) Vary the MR bias current (9:<D2> and 1:<D3-D7>) to 
determine where the defined thresholds are crossed. 
The FLT line is not valid until the Iya change settles; 
values for this are listed in SWITCHING 
CHARACTERISTICS on page 123. 

5) Resistance can be inferred from the threshold settings. 

Buffered Head Voltage 
To output the MR head voltage on the FLT/ABHV/DBHV pin: 

1) Place device in Read Mode (see Table 46). 

2) Set ABHV bit (9:<D7>) high to output the MR head 
voltage as scaled by a gain of 5. 

Note: If ABHV and DBHV are both high, ABHV takes prece- 
dence. See the truth table in PINFUNCTION LIST AND 
DESCRIPTION on page 117. 
Die Temperature Monitoring 
The die temperature range is 0°C to 150°C. To measure the 
die temperature: 

1) Set RMR/TEMP (9:<D7>) high to enable the die 
temperature. 

2) Set DIGON bit (7:<D7>) high and wait 50us for the 
preamp to convert the temperature. (DIGON 
automatically resets low when the conversion is 
complete.) 

3) The die temperature is stored in DSTRO-6 as a 7-bit 
word in a binary format using the formula below. For 
example, if 7:<D6-D0> = 0100000 the die temperature is 
38°C (32°C x 1.18). 

T = 1.18k (eq. 16) 


where k = 0 - 127 and T is degrees Centigrade 
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Sleep Mode 

In the sleep mode power consumption is minimized. All 
outputs are disabled (except in test mode). The writer current 
source and the reader bias current/voltage source are 
deactivated and faults are not detected in Sleep Mode. 

Sleep mode is selected by setting 4:<D0O> = 0, see Tables 46, 
50 and 52. 

Note: Always transition from Sleep to Idle mode 10 us before 

entering an active mode. 


Idle Mode 

The internal write current generator, write current source and 
read bias current/voltage source are deactivated while the RDN 
and RDP outputs switch to a high impedance state. The serial 
register contents remain latched and filter capacitance bias is 
maintained to reduce power-up delay. Faults are not detected in 
Idle Mode. 

Idle mode is triggered by setting 4:<D1> = 0, see Tables 46, 50 
and 52. 


Dummy Mode 

Setting DUMMY (9:<D1>) high directs the MR bias 
current/voltage to an internal dummy head. This maintains the 
reader bias at operational levels for quick read recovery. 


Read Mode 

In the read mode, the circuit operates as a low noise 
differential amplifier that senses resistance changes in the 
reader element which correspond to flux changes on the disk. 

Read mode is selected by setting the R/WN pin high. In the 
read mode the bias generator, the input multiplexer, the read 
preamp and the read fault detection circuitry are active. 

The VM5431 uses the voltage-sensing reader architecture 
with biasing programmable as current or voltage. The magnitude 
of the reader bias current/voltage is set to the value programmed 
in 9:<D2> and 1:<D3-D7>. The equations below govern the read 
bias current/voltage magnitude: 


Current Mode 

. 17, 

Ive = 2+ (kup: 0-127]mA eae 
Voltage Mode 

(eq. 18) 


Var = 100+ (kyr: 6.35)mV 


kip = 0 to 63 


The reader operates in one of two constant bias modes: 

* Current bias mode is selected by setting 9:<D4> = 0, and 

* Voltage bias mode is selected by setting 9:<D4> = 1. 

In the current bias mode a constant current is applied to the 
MR element. In voltage bias mode a constant voltage is applied 
to the MR element. The applied value is programmed in 9:<D2> 
and 1:<D3-D7>. 

Read head center voltages are controlled in all modes and are 
held near ground potential. This reduces the possibility of 
damaging head-media arcing and minimizes current spikes 
during disk contacts. Selected heads are held within +500mV of 
ground and unselected heads are held at approximately 
-800mV. 

The reader enters a fast recovery mode during modal 
transitions, serial operations, and when the reader is biased 
during a write mode. The fast recovery mode minimizes signal 
anomalies on the reader outputs. 
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Read Bias Enable in Read Mode 

Reader bias is controlled in the read mode by the BIASN pin. 
Taking the BIASN pin high in read mode disables the current to 
the selected read head. 


Fault Detection in Read Mode 

In the read mode, a TTL low on the FLT/ABHV/DBHV pin 
indicates a fault condition. Fault codes, conditions and the 
modes in which they are valid are listed in Table 54. 

Specific fault conditions may be disabled by setting the Fault 
Reporting Mode, 6:<D6-D0> as shown in Table 55. The default 
setting (0000) is to enable all faults. 

Fault codes are cleared by setting the Clear Fault bit, 6:<D7> 
= 1 or by a power-up reset (see Table 53). The following are valid 
read fault conditions: 

¢ MR Overcurrent 

« Thermal Asperity Detected 

*« Read Head Open 

« Read Head Shorted 

¢ Low Vgc or Veg 

* Overtemperature 

* Invalid Head Selected 


Read Gain 

The default gain is 100 V/V with a head resistance of 55Q. 
Read Gain may be increased in 50V/V increments using a 2-digit 
binary code in 4:<D2 and 9:<D3>. The formula that describes 
the actual gain is shown below: 


475 
420 +Ryp 
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GAIN = [100 + 50(kg ayn] (eq. 19) 


kgain = 9-3 


Fast Mode 

Setting the FAST bit (4:<D5>) high in read mode, raises the 
low corner frequency to 5MHz. If the FAST bit is low, the low 
corner frequency is set to the value programmed in LFP 
(5:<D4-D5>). 


Thermal Asperity Detection and Recovery 
Detection 

Setting the TAD bit high (3:<D3>) enables positive or negative 
thermal asperity detection. 

If a head-to-disk contact occurs, the thermal asperity in the 
read element will result in a fault condition. The range of the 
voltage threshold is governed by the following equation and is 
set in 9:<D6> and 3:<D4-D7>: 


k 
Vigee 50 + [900 x (—t47)| 


Vrar represents the TA threshold (output-referred in mVpk). 
krar represents the TA DAC setting (0-31). 


(eq. 20) 


Note that a fault condition resulting from a thermal asperity will 
remain active until the positive or negative hysteresis is <20% of 
the threshold. 


Fast Recovery 

Setting the TA Compensation (TAC) bit high (9:<D5> = 1) 
automatically initiates the Fast Recovery mode if a thermal 
asperity is detected. 

The low frequency corner is raised to 5MHz from the nominal 
value programmed in 5:<D4-D5>. Raising the low frequency 
corner removes the low frequency component of the asperity 
event and allows the preamp to reach its DC operating point 
rapidly after a thermal asperity occurrence. 
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Note: The TA detection circuitry must be enabled in 3:<D3>. 


Write Mode 

In the write mode, the circuit operates as a write current switch, 
driving the thin-film write element of the head. 

Write mode is selected by setting the R/WN pin low. 

The magnitude of the write current is determined by the write 
current registers (2:<D0-D4>). The following equation governs 
the write current magnitude: 


Iy = 15+ (kp: 1.61)mA (eq. 21) 


lw represents the write current (mA flowing to the selected head). 
kw represents the write current DAC setting (0 to 31). 


The write data (PECL) signals on the WDX and WDY lines 
drive the current switch of the selected head. 
See Figure 47 for the timing diagram. 


Write Current DAC 

Register 2:<D0-D4> represent the binary equivalent of the 
DAC setting (0-31, LSB first). 
Read Bias Enabled in Write Mode 

Taking the BIASN pin low (at least 5us before the R/WN pin is 
set high) enables reader bias current/voltage to the selected 
head. The read circuitry is in its normal “read” state except that 
the outputs are disabled. Another circuit is enabled to maintain 
the common-mode voltage at the reader outputs, thereby 
substantially reducing write-to-read transition times. 


Write Data Modes 

Setting the WVORI bit low (5:<D35) initiates Write Data Inputs 
in Voltage Mode. Setting the WVORI bit high initiates the Write 
Data Inputs in Current Mode. 


Fault Detection in Write Mode 

In the write mode, a TTL high on the FLT/ABHV/DBHV pin 
indicates a fault condition. Fault codes, conditions and the 
modes in which they are valid are listed in Table 54. 

Specific fault conditions may be disabled by setting the Fault 
Reporting Mask, 6:<D0-D6> as shown in Table 55. The default 
setting (000000) is to enable all faults. 

Fault codes are cleared by setting the Clear Fault bit, 6:<D7> 
= 1 or by a power-up reset (see Table 53). 

The following are valid write fault conditions: 

« Write Data Frequency Low 

* Open or Shorted Write Head 

* Servo Fault 

* Low Voc or Veg 

* Overtemperature 

* Invalid Head Selected 
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Servo Write Mode 

In the servo write mode, up to eight channels may be written 
simultaneously. 

Table 52 indicates how heads can be selected for individual or 
simultaneous writing. 

Setting both BANK bits (2:<D7> and 4:<D6>) to ‘1’ and holding 
the R/WN pin low places the preamp in servo write mode (see 
Table 46). A high in SHDn (8:<D0> to 8:<D3> selects the 
specific head pair on which to perform the servo write. The 
default setting is to select all heads (8:<DO-D3> = 1111). 

Note: It is the customer’s responsibility to make sure the ther- 
mal constraints of the die/flex/package are not exceeded. 
(This could be achieved by lowering the supply voltage, 
reducing the write current or cooling the device.) 

A servo fault is generated if BANK bit (2:<D7> or 4:<D6>) 
settings do not match as shown in Table 47. 


Table 47 Servo Faults 


BANK1 BANK 0 Mode Fault 
4:<D6> 2:<D7> 
0 0 Active ' No 
0 1 Active | Yes 
1 0 Active ' Yes 
1 1 Servo No 
1. Active includes all modes (read, write, idle, sleep or test), except servo. 
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SERIAL PORT 


Serial Interface 
The VM5431 uses a 3-line read/write serial interface for control of most chip functions including head selection, reader bias 
current/voltage magnitude and write current magnitude. See Tables 49 and 50 for a bit description. 
The serial interface has two input lines, SCLK (serial clock) and SENA (serial enable), and one bidirectional line SDIO (serial data 
input/output). The SCLK line is used as reference for clocking data into and out-of SDIO. The SENA line is used to activate the SCLK 
and SDIO lines and power-up the associated circuitry. When SENA is low only the output D-latches and the reference generators 
remain active. An internal pull-down resistor is connected to SENA to ensure power-up in a non-writing condition and to prevent 
accidental writing due to open lines. 
16-bits constitute a complete data transfer as shown in Figure 44. 
* The first 8-bits <A7-A0> are write-only and consist of: 
- one command bit <A0> (high for read, low for write), 
- three chip select bits <A3-A1> that validate the preamplifier address logic levels in Table 49, and 
- four register address bits <A7-A4>. 

* The second 8-bits <D7-D0O> consist of data to be written-to or read-from the control registers. 


A data transfer is initiated upon the assertion of the serial enable line (SENA). Data present on the serial data input/output line (SDIO) 
will be latched-in on the rising edge of SCLK. During a write sequence this will continue for 16 cycles; on the falling edge of SENA, the 
data will be written to the addressed register. 

During a read sequence, SDIO will become active on the falling edge of the 9th cycle (delayed to allow the controller to release control 
of SDIO). At this time <DO> will be presented and data will continue to be presented on the SDIO line on subsequent falling edges of 
SCLK. 

Note: Data transfers should only take place in idle or write modes. I/O activity is not recommended in read mode. The reader 

invokes a fast mode while a serial interface operation occurs. 

See Tables 49 and 50 for a bit description. See Table 48, and Figures 45 and 46 for serial interface timing information. 


Clk 1 Clk 16 


Preamp 
Address Bits Register Address Bits Data Bits 


SDIO (Rw X Ai X a2 Xas Kas Xas Kas XAT X Do X 01 X D2 X ds X D4 X Ds X 06 X D7 ) 


SENA / V 


Figure 44 Serial Port Protocol 
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Table 48 Serial Interface Parameters 
DESCRIPTION SYMBOL MIN NOM MAX UNITS 
Serial Clock (SCLK) rate, write 40 MHz 
SENA to SCLK delay Tears TBD nS 
SDIO setup time, write le TBD ns 
SDIO delay time, read Tyas TBD TBD nS 
SDIO hold time Tah TBD nS 
SCLK cycle time Te TBD nS 
SCLK high time Town TBD nS 
SCLK low time Toxi TBD nS 
SENA hold time Tshia TBD nS 
Time between I/O operations Tg TBD nS 
Time from controller releasing SDIO 
(tristate) to SCLK falling edge Tre TEP iS 
Time to activate SDIO Tse. TBD TBD nS 
Duration of SerEna (read) Tig TBD ns 
Duration of SerEna (write) Twt TBD nS 
Note: SENA assertion level is high. 
Tc ' Tekh Tckl 
SCLK en ey Ae ey ee Wy ; ; 
SDIO Rwb Al i Ss ps X _ds__X__7_:_) 


ae 
" Twds | Th’ 


<> | > ~=zTrds 

'Tdh m4 

i + Tact ie 4 
spi0 (“sXe XX XOX eX”) 
SENA 


Figure 46 Serial Port Timing - Tristate Control during Read Operation 
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Serial Registers 

8-bit registers are accessible for read/write operations via the serial interface. Table 49 lists the serial address for each register. Table 
50 lists the data contents of the basic register set and Table 51 lists register selections available as options. A description of the 
individual bits is provided in Table 52. 
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Table 49 Serial Interface Addressing fo 
; Register Preamp i 
Register # Address Bits Address Bits aw EE 
<A7> <A6> <A5> <A4> <A3> <A2> <A1> <A0> 
0 0 0 0 0 
1 0 0 0 1 
2 0 0 1 0 
3 0 0 1 1 
4 0 1 0 0 Owe 
5 0 1 0 1 0 0 1 sie 
6 0 1 1 0 ~ 
7 0 1 1 1 
8 1 0 0 0 
9 1 0 0 1 
10 1 0 1 0 
Table 50 Serial Interface Bit Map - Base Registers 
; . Data Bits 
Regen Register # <D0> <D1> <D2> <D3> <D4> <D5> <D6> <D7> 
Vendor ID 0! VENDO VEND1 VEND2 REVO REV1 REV2 CHNL 2 
Head Select/IMR 1 HSO HS1 HS2 3 IMR1 IMR2 IMR3 IMR4 IMR5 
Write Current 2 Iwo Iw Iw2 IW3 IWw4 - a BANKO 
Thermal Asperity 3 OSCO OSC1 OSC2 TAD TA1 TA2 TA3 TA4 
Mode Select 4 SLEEPN IDLEN GAINO DBHV 2 FAST BANK1 2 
1. Read Only Register/Bits: 
Register 0:<D0-D2> is the Vendor ID code (VTC=010), 
Register 0:<D3-D5> is the Vendor revision code. Initial revision shall be (REVO = 0, REV1 =0, REV2 = 0), 
Register 0:<D6> is the Channel count (0 = 8 channel, 1 = 4 channel), 
2. Reserved. 
3. Use restricted to 8-channel device. 
Table 51 Serial Interface Bit Map - Optional Registers 
; . Data Bits 
Faces Registers <D0> <D1> <D2> <D3> <D4> <D5> <D6> <D7> 
eee 5 usco | USC1 usc2 | wvori | LFPO LFP1 BWo BW1 
Fault 6 FLTO FLT1 FLT2 FLT3 FLT4 FLT5 FLT6 CLRFC 
Resistance/Temp 7 DSTRO DSTR1 DSTR2 DSTR3 DSTR4 DSTR5 DSTR6 DIGON 
Servo 8 SHD1/0 SHD3/2 SHD5/4 SHD7/6 | FCODEO | FCODE1 | FCODE2 | FCODE3 
Other 9 ui DUMMY IMRO GAIN1 IN TAC TAO ABHV 
VTC Test 10 TTOSC : 1 GMCTL | GMCTL | GMCTL | GMCTL L 


1. Reserved for VTC testing. 
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Table 52 Serial Register Data Bit Descriptions 
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Register | Bits Function Symbol Description 
0 DO-D2 Vendor Code VENDn | Binary Vendor Code (010 = VTC) 
sk REVn_ | Binary Revision Count: 
pS-Ds Pevisiomotran Revision 1 (000) to Revision 8 (111). Count restarts at 1after exceeding 8: 
CHNL_ | 0 = 8 Channel device 
Ce Ghianel noun 1 = 4 Channel device 
D7 Reserved 
1 DO-D2 Head Select HSn Binary selection of head HS2 HS1 HSO 
Head Select 0:<D2>|0:<D1>]0:<D0O> 
0 0 0 0 
1 0 0 1 
2 0 1 0 
3 0 1 1 
4 1 0 0 
5 1 0 1 
6 1 1 0 
7 1 1 1 
Note: Use of HS2 (0:<D2>) is restricted to 8-channel device. 
D3-D7 Bias Level - MSB IMRn _ | Binary selection of MR Head Bias - 5 most significant bits 
Current Bias = 2mA (00000) to 9.87mA (11111) in 0.254mA increments. 
Voltage Bias = 100mV (00000) to 494mV (11111) in 12.7mV increments. 
Note: The 5 most significant bits independently function as the Imp or Vr 
setting. The least significant bit of IMR DAC (9:<D2>)doubles the bias 
level resolution set by these bits. 
Note: Current or Voltage Bias is selected in 9:<D4>. 
2 DO-D4 Write Current IWn Binary selection of Write Current 
15 mA (00000) to 65 mA (11111) in 1.6 mA increments. 
D5-D6 Reserved 
D7 Servo Bank 0 BANKO | 0/1 = See Table 47, “Servo Faults,” on page 108 
Note: BANK1 (4:<D6>) must also be selected for a valid servo write. 
Note: Register 8:<D0-D3> defines which heads to servo write. Default is 
to servo write 8 heads (see Table 53). 
3 DO-D2 Overshoot Control OSCn__| Overshoot Control 
TBD % 000) to TBD % (111) in TBD % increments. 
D3 Thermal Asperity TAD 0 = TA Detection disabled. 
Detection 1 = TA Detection enabled. 
D4-D7 Thermal Asperity TAn Binary selection of Thermal Asperity Threshold - 4 most significant bits 
Threshold - MSB TA Range = 50 mV (00000) to 949 mV (11111) in increments of 29 mV. 
Note: Least significant bit of thermal asperity (TAO) is stored in 9:<D6>. 
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Register | Bits Function Symbol Description 
4 DO Sleep SLEEPN | 0/1 = See Table 46, “Mode Select,” on page 106 
Note: This bit has precedence over the IDLEN bit (4:<D1>). 
D1 Idle Mode IDLEN | 0/1 = See Table 46, “Mode Select,” on page 106 
Note: The SLEEPN bit (4:<D0>) has precedence over this bit. 
D2 Gain - LSB GAINO | Binary selection of MR Reader Gain least significant bit} GAIN1 | GAINO 
Gain 9:<D3>| 4:<D2> 
100 V/V 0 0 
150 V/V 0 1 
200 V/V 1 0 
250 V/V 1 1 
Note: Register 9:<D3> defines GAIN1 - MSB. 
D3 Digital Buffered Head DBHV_ | 0 = Disable 
Voltage Output 1 = Enable 
Note: DBHV is overridden when ABHV (9:<D7>) is enabled. 
D4 Reserved 
D5 Fast Mode FAST | Raises low corner frequency 5 MHz 
0 = Disable 
1 = Enable 
D6 Servo Bank 1 BANK1 | 0/1 = See Table 47, “Servo Faults,” on page 108 
Note: BANKO (2:<D7>) must also be selected for a valid servo write. 
Note: Register 8:<D0-D3> defines which heads to servo write. Default is 
to servo write 8 heads (see Table 53). 
D7 Reserved 
5 DO-D2 Undershoot Control USCn__| Undershoot Control 
TBD % (000) to TBD % (111) in TBD % increments. 
D3 | Write Voltage or Current | WVORI | 0 = Voltage mode write data inputs. 
1 = Current mode write data inputs. 
D4-D5 | Low Frequency (-3dB) LFPn_ | Binary selection of Low Frequency Bandwidth: LFP1 |LFPO 
Bandwidth Low Frequency Bandwidth 5:<D5>| 5:<D4> 
1 MHz 0 0 
2 MHz 0 1 
3 MHz 1 0 
5 MHz 1 1 
D6-D7 Bandwidth BWn Binary selection of Bandwidth: BW1 | BWO 
Bandwidth 5:<D7>| 5:<D6> 
200 MHz 0 0 
250 MHz 0 1 
300 MHz 1 0 
350 MHz 1 1 
6 DO-D6 Fault Mask FLTn | Fault Reporting Mask 
See Table 55. 
D7 Clear Fault Codes CLRFC | 0 = Retain faults 
1 = Clear faults 
Note: CLRFC resets to 0 after fault codes clear. 
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Table 52 Serial Register Data Bit Descriptions 


Register | Bits Function Symbol Description 


7 DO-D6 MR Resistance or DSTRn | Binary output (read only) of MR Head Resistance or Die Temperature: 
Die Temperature Resistance range is 0 to 127 Ohms. 

Temperature range is 0 to 150°C. 

Note: 7:<D7> selects analog or digital output. 

Note: Register 9:<D0> selects resistance or temperature output. 
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D7 {Internal Digital Conversion} DIGON | 0 = Analog-to-digital conversion off 

1 = Start analog-to-digital conversion 

Note: DIGON resets to 0 when analog-to-digital conversion completes. 
Note: Reader Resistance or Die Temperature output is selected in 
9:<D0> and the measurement is stored in 7:<D0-D6>. 


8 DO-D3 Servo Head Select SHDn_| Binary selection of the head pairs to be servo track written. 
Examples: 
1. 1000 = Servo Write Head Pair 6/7 [8 channel IC only (0:<D6> =0)): 
2. 0011 = Servo Write Head Pairs 0/1 and 2/3: 
- BitO=1 selects HDO/1 pair 
- Bit 1=1 selects HD2/3 pair 
- Bit 2 =0 deselects HD4/5 pair 
- Bit 3 =0 deselects HD6/7 pair 
Note: Default is to servo write all heads (see Table 53). 
Note: BANKO and BANK1 (2:<D7> and 4:<D6>) must be selected to 


servo write. 
D4-D7 Fault Condition FCODEn | Binary code of Fault(s) 
See Table 54. 
9 DO MR Head Resistance or | RMR/ |0=MR Head Resistance stored in DSTRn register (7:<D0-D6>). 
Die Temperature TEMP | 1 = Die Temperature stored in DSTRn register (7:<D0-D6>). 


D1 Dummy MR Head Load | DUMMY | 0 = MR Head selected using HSn register (1:<D0-D2>) setting. 
1 = Dummy head resistive load selected. 


D2 Bias Level - LSB IMRO | Binary selection of MR Head Current Bias least significant bit 

Current Bias = 2mA (000000) to 10mA (111111) in 0.127mA increments. 
Voltage Bias = 100mV (000000) to 500mV (111111) in 6.35mV incre- 
ments. 

Note: The 5 most significant bits of IMR DAC (IMR1 to IMR5) are stored 
in 1:<D3-D7> and independently function as the Iy_ or Viv; setting. This 
bit (the LSB) functions as a Ip or Vu, resolution doubling bit to the most 
significant bits (from 0.254mA or 12.7mV when only IMR1-IMR5 are 
used). 

Note: Current or Voltage Bias selected in 9:<D4>. 


D3 Gain - MSB GAIN1 | Binary selection of MR Reader Gain - most significant bits 
See register 4 bit 2 for an explanation of Reader Gain settings. 
Note: Register 4:<D2> defines GAINO - LSB. 


D4 Current or Voltage Bias /V 0 = Current bias mode. 
1 = Voltage bias mode. 
Note: Bias level is set in registers 9:<D2> and 1:<D3-D7> 


D5 Thermal Asperity TAG 0 = No TA Compensation. 
Compensation 1 = TA Compensation selected. 
Note: TA Detection must be enabled in 3:<D3> for TAC to function. 
D6 Thermal Asperity TAO Binary selection of Thermal Asperity Threshold - least significant bit 
Threshold - LSB TA Range = 50 mV (00000) to 949 mV (11111) in increments of 29 mV. 
Note: Most significant bits of thermal asperity (TA1-TA4) are stored in 
3:<D4-D7>. 
D7 Analog Buffered Head ABHV_ | 0 = Disable 
Voltage Output 1 = Enable 


Note: ABHV overrides DBHV (4:<D3>). 
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Table 52 Serial Register Data Bit Descriptions 


Register | Bits Function Symbol Description 
10 DO Reserved an 
D1 TTOSC Reserved for VTC testing = 
D2 Reserved = ri 
D3-D6 GMCTL Reserved for VTC testing ° 
D7 Reserved 


Table 53 Power-on Reset Register Values 


: : Power-on Reset Value 

Function Register Number <D7-D0> 
Vendor ID 0 <XXXX XXXX> 
Head Select/IMR 1 <0000 0000> 
Write Current 2 <0000 0000> 
Thermal Asperity 3 <0000 0100> 
Mode Select 4 <0000 0000> 
Bandwidth/Undershoot 5 <1100 0100> 
Fault 6 <0000 0000> 
Resistance/Temp 7 <0000 0000> 
Servo 8 <XXXX 1111> 
Other 9 <0000 0000> 
VTC Test 10 <0000 0000> 
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Fault Reporting and Masking 


Table 54 Fault Conditions and Codes 


vu 
g = pag ton Fault Priority ‘| Valid Mode(s) | Mask? Conditions 
a 0000 No Fault - Read or Write - 
0001 Reserved 3 Read - 
0010 MR Overcurrent 2 Read M 
0011 Thermal Asperity Detected 6 Read M 
0100 Read Head Open 7 Read Ms 
0101 Read Head Shorted 8 Read M3 
0110 Write Data Frequency Low 5 Write M 
0111 Write Head Open/Shorted 3 Write M 
1000 Servo Fault 9 Read or Write Unmatched servo bank bits 
1001 Low Vcc OF Veg 1 Read or Write M 
1010 Reserved - - - 
1011 Overtemperature 10 Read or Write M Temp > 140°C 
1100 Invalid Head 4 Read or Write Only applies to 6 and 12-channel devices. 
1101 Reserved - - - 
1110 Reserved - - - 
1111 Reserved - - - 


1. First fault reported is latched until a higher priority fault is reported or the code is cleared. 
2. See Table 55 for an explanation of fault masking. 
3. Single bit masks both faults. 


Setting the appropriate bit(s) listed in Table 55 masks the fault(s) at both the fault register and the FLT pin. If 6:<D7-D0> = 0000 
0101, an MR Overcurrent fault is masked with the 6:<DO> bit and Read Head Open and Read Head Shorted faults are masked with 
the 6:<D2> bit. 


Table 55 Fault Masking 


Mask Bit Mask Bit 


Register 6 Fault(s) Masked ' Revisier6 Masked Fault 
<D0> MR Overcurrent <D4> Write Head Open/Shorted 
<D1> Thermal Asperity Detected <D5> Low Vcc or Veg 
<D2> Read Head Open/Shorted <D6> Overtemperature 
<D3> Write Data Frequency Low 


1. Single bit masks both Read Head Open and Read Head Shorted faults. 
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2 Logic Level Paee 
Signal Input/Output Default 1 Description , 
BIASN high MR Bias: ‘e = 
¢ When 4:<D3> = 0 (BIASN): Sc 
- A TTL high level diverts MR current internally and common mode clamps the = 
reader outputs. 
- A TTL low level enables bias current through the active head. 
FLT/ABHV/DBHV oO? - Write/Read Fault and Buffered Ootout ABHV DBHV 
Head Voltage (Analog or Digital) as P 9:<D7> 4:<D3> 
shown in truth table: FLT 0 0 
¢ Fault (FLT) output: 
- ATTLhigh level indicates a DBHV 0 1 
fault in write mode. ABHV { 0 
- ATTLlow level indicates a fault 1 
in read mode. ABHV . , 
* Analog or Digital Buffered Head 1. ABHV overrides DBHV setting. 
Voltage output when ABHV Output is Analog Buffered Head Voltage (ABHV). 
and/or DBHV is enabled. 
GND 2 - Ground 
HRON-HR7N | - Read head connections, negative end. 
HROP-HR7P | - Read head connections, positive end. 
HWOX-HW7X O - Thin-Film write head connections, positive end. 
HWOY-HW7Y O - Thin-Film write head connections, negative end 
R/WN |2 high Read/Write: 
A TTL low level enables write mode. 
RDP, RDN oO? - Read Data: 
Differential read signal outputs. 
SCLK |? low Serial Clock: 
Serial port clock; see Figure 44. 
SDIO 0? low Serial Data: 
Serial port data; see Figure 44. 
SENA [2 low Serial Enable: 
Serial port enable; see Figure 44. 
VCC . - +5.0V supply 
VEE 7 7 -5.0V supply 
WDX, WDY 12 high Differential Pseudo-ECL write data inputs 


1. 40kQ pullup/pulldown resistors are used to default pins to specified high or low levels. 
2. When more than one device is used, these signals can be wire-OR’ed together. 
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TYPICAL CONNECTION DIAGRAM 


3 HWnX +5V 
fez ae T 
20 vec |___4 
D 
ELF Ln | 
HRnP 5kQ 
o 
L_] HRnN 
| GND 
+5V 
vcc 
220pF 
RDX|__} 
-5V T Read 
a 5002 © Outputs 
|__| Vee RDY|—| 
220pF 


Note: The structure placements in the diagram are not meant to indicate pin/pad locations. The connections shown will apply regard- 
less of pin/pad location variation. 


Application Notes: 


* Power supplies have been separated by Read/Write functionality to reduce noise coupling. 
If separate supplies are not available, VTC recommends that the supply lines be connected externally some distance from the 
preamp. 


* Data transfers should only take place in idle or write modes. I/O activity is not recommended in read mode and will result in reader 
performance degradation. 


« VTC recommends placing decoupling 0.1 uF and 0.01 uF capacitors in parallel between the following pins: 
VCC - GND 
VEE - GND 


* For maximum stability, place the decoupling capacitors as close to the pins/pads as possible. 
* Minimum FLT pullup resistance is 5 kQ. 
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PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Read Mode 92 TBD 
Write Mode 93 175 
mA 
Voc Power Supply Current loc Write Mode, Reader Biased 135 TBD 
Idle Mode 15 TBD 
Sleep Mode TBD HA 
Read Mode 38 TBD 
Write Mode 68 150 
mA 
Vee Power Supply Current lee Write Mode, Reader Biased 86 TBD 
Idle Mode 2 TBD 
Sleep Mode 20 TBD HA 
Read Mode 650 TBD 
Write Mode 805 TBD 
Power Supply Dissipation Py Write Mode, Reader Biased 1105 TBD mW 
Idle Mode 85 TBD 
Sleep Mode 2.6 TBD 
Read Mode 92 TBD 
Voc Power Supply Current loc 
Write Mode 93 175 
Input High Voltage V TTL 2.0 Voc a 
IH : +0.3 
Input Low Voltage ViL TTL -0.3 0.8 
PECL 120 
Input High Current, V4 = 2.0V Ni HA 
Th 80 
PECL 100 
Input Low Current, Vj, = 0.5V lie HA 
TTL -160 
Output High Current lon FLT: Voy = 5.0V 50 HA 
Output High Voltage Vou TTL, loy=TBD 2.40 Voc V 
Output Low Voltage Voi TTL, lop = 4mA 0.6 V 
Voc Fault Threshold VoTH Hysteresis = 100mV +10% 3.75 4.0 4.25 V 
Vee Fault Threshold VetH Hysteresis = 100mV +10% -4.25 -4.0 -3.75 V 
PECL 1.9 Voc V 
High Level WDATA 
Current Mode (sink) 25 100 200 HA 
PECL 1.5 Vin - 0.4 V 
Low Level WDATA 
Current Mode (sink) 0.8 1.0 2 
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STATIC (DC) CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. Iyjp_=5 mA, ly = 50 mA. 
PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
uv 
m = WDATA PECL swing Voltage mode differential ! 0.4 Vop 
= 
o Voltage compliance for WDATA CM of inputs when in current mode Voc -2.3 V 
READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iy_ = 5mMA, Lug = 30NH, Ryr_ = 55Q. 
PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Reader Head Current Range le 2 10 mA 
Reader Head Current Tolerance 2MA < Iya < 10 mA, -5 +5 % 
Reader Head Voltage Range Vur 100 500 mV 
Reader Head Voltage Tolerance 100 mV < Vur; < 500 mV, -5 +5 % 
Unselected Reader Head Current 100 HA 
VIN = 1mVpp @ 20MHz, 
Rigi = TBD, 100 VIV 
Differential Voltage Gain Ay Gain Bits = 00 
Gain Bits = 11 250 V/V 
-1dB TBD TBD TBD 
Passband Upper Frequency Limit fur 
No Boost, -3dB TBD 350 TBD 
-1dB TBD TBD TBD 
Passband Lower Frequency Limit fia 
-3dB, normal mode, LFP = 00 TBD 1 TBD MHz 
Input Noise Voltage en 1 MHz <f < 100 MHz 0.55 _e 
lure = 8 MA, = 
Input Noise Bias Current in Noise independent of Iya 8 aoe 
1 MHz <f < 100 MHz 
1 MHz <f < 10 MHz TBD dB 
Noise Peaking 
10 MHz < f < 200 MHz TBD dB 
Differential Input Capacitance Cin TBD 2 4 pF 
Differential Inout Resistance Rin 400 Q 
AC input V where Ay falls to 90% 
Dynamic Range DR of its value at Vy = TBD @ f = 20 6 MV pp 
MHz 
Vom = TBD mVpp, 40 
3 ae 10 MHz <f < 200 MHz 
ommon Mode 
Rejection CMRE 1 MHz <f < 10 MHz 40 qd 
f < 100 kHz 60 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iy_= 5mMA, Lyra = 30NH, Ry; = 55Q. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
o 
100mV,, ON Voc OF Vee, 40 ira = 
10 MHz < f < 200 MHz =i 
a 
Power Supply 100mV,, ON Voc OF Vee, 
Rejection Pane 1 MHz <f < 10 MHz #0 ue 
100mV,, ON Voc OF Vee, 60 
f < 100 kHz 
Unselected Channels: 
Channel Separation cS Vin= 1MV,p, 50 dB 
1 MHz <f < 200 MHz 
er 100 mV,, on pins, 
Rejection of SCLK and SDIO 4 MHz < f < 100 MHz 40 dB 
Output Offset Voltage Vos - 50 mV 
Common Mode Output Voltage Voom 2.0 V 
Common Mode Output Voltage 
Difference AVocm Voom (READ) - Vocw (WRITE) TBD 
Reader Head Resistance Rue 30 55 80 
Single-Ended Output Resistance Rseo 25 
Output Current lo 4 mA 
Total Harmonic Distortion THD 0.5 % 
teenie Head Potential, Selected Wis Any point to GND 500 500 mV 
ead 
Reader Head Potential, 
Unselected Head Veer as - 
Reaner Differential Voltage 700 mV 
(Ime" Rue) 
ae Bias Current Settling —_ Iya = 4 MA, Ryp= 1002. TBD nS 
ime 
Reader Bias Current Overshoot 2.5 % 
TA Detection Response Time TA occurred to FLT active 20 40 nS 
Group Delay Variation (20 - 3 dB cutoff) MHz TBD nS 
MR Measurement Accuracy 4 % 
Temperature Measurement 6 
2 Cc 
Accuracy 
BHV Accuracy 5 % 
BHV Gain 5 VIV 
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WRITE CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: ly = 50mA b-p, L4= 70nH, Ry = 10Q, fpat, = SMHZz, 
0°<T <125°C. 


uv 
m = PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
= a 
o Write Current Range lw 15 65 mA 
Write Current Tolerance Alw 15 <ly<65mA -8 8 % 
Write Servo Current Tolerance -10 10 % 
Differential Head 
Voltage Swing Vou Open Head 6 Vee 
Unselected Head | { en 
Transition Current us pe 
Differential Output Capacitance Co 6 pF 
Write Data Frequency for Safe 
Condition foata FLT low 1 MHz 
ails Pala Precentey on roult foata Minimum bit transition time 7 nS 
Inhibit 
; : . lw = 50 mA b-p, 
Write Current Settling Time twser Head model provided TBD ns 
Write Data Input Terminal Resis- Voltage mode write data input 
Wai 150 Q 
tor only 
lw = 50 mA b-p, 
Write Current Overshoot Woov Head model provided TBD % 
WCP0=0, WCP1=0, WCP2=0 
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SWITCHING CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS p 
= 
R/WN to Write Mode trw To 90% of write envelope 30 50 nS = = 
oc 
To 90% of data envelope, 300 ne e 
R/WN to Read Mode twr DC Offset Level within 30 mV 
To 10% of ly envelope 50 nS 
Idle to Read Mode t To 90% of envelope, 5 Ss 
(SCLK 16th rising edge) IR DC Offset Level within 30 mV H 
To 90% of envelope, 
DC Offset Level within 30 mV, 1 rhs) 
TBD - Fixed Iyp- 
HS0-HS2 to Any Head tae To 90% of envelope, 
(SCLK 16th rising edge) DC Offset Level within 30 mV, 
Head Voltage Change not to 3 rhs) 
exceed 150 to 400 mV, Variable 
ln 
Idle (16th rising edge) to To 10% of read envelope or write 
trl 50 ns 
Unselect current 
Safe to Unsafe ! toy 50% WDX to 50% FLT 1.5 uS 
Unsafe to Safe ! tpo 50% WDX to 50% FLT 100 ns 
Head Current t From 50% points, 5 ns 
Propagation Delay ' D8 Ly=0, Ry=132. 
Write Data has 50% duty cycle & 
Asymmetry Asym 0.5nS rise/fall time, L4=0, 100 ps 
Ry=TBD 
10% - 90%, ly = 50 mA b-p, 
Lu=70nH, Ry=109. ane ps 
Rise/Fall Time t, / ts 
Head model provided, lw = 50 
mA b-p, Ly=OnH, Ry=02. TBD ie 
Read to Servo Write From 50%R/WN to 90% lw 50 nS 
Read to Servo Write 
Head Turn-on Variation TBD ns 
: To 90% envelope, DC offset level 
Servo Write to Read to within 20mV 1 rhs) 
Serve: Waite Came From 50% R/WN to 10% hy TBD nS 
Turn-off Time 
1. See Figure 47 for the write mode timing diagram. 
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wox-woyY | \  / \ / \ a a 
2 = toi 
BS FLT 
a ~<i— tbe 
> rae 
D3 
HWnxX - HWnY y. 7 a a 
(lw) 


In voltage mode: When WDX > WDY current will flow from HWnX to HWnY. 
When WDY > WDX current will flow from HWnY to HWnX. 

In current mode: When sinking current from WDY current will flow from HWnX to HWnY. 
When sinking current from WDX current will flow from HWnY to HWnX. 


Figure 47 Write Mode Timing Diagram 
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VM5431 PACKAGING 


o 
HRON HR2N a 
= a xe 
HROP | | HR2P re 
HWOY | | HW2Y 
HWOX | | HWwe2x 
HW1X | | | HW3X 
ae a 4 CHANNEL BUMP DIE EXAMPLE a iid 
male || Note: Die shown bump side down |_| nie 
Hifi | (looking through die) a Sina 
Fuse | | fee GND 
Fuse | het | | GND 
Fuse | | 1] GND 
1 
= a Control Side of Die a us 
Fuse | | Ba VEE 
Fuse | fal | VEE 


= <= ie 
GS OS 


< x< 


a < < 
e) e) 
e) e) 


AH@V/AHEC/L14 | | 
NSVId 
NM/d 
VNA 
19! 
olds 
aN 
99. 


1) Landing pads on flex are required for these pads, but power or ground should not be routed to these pads. 
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2 8 £2 2 2 = 8 § & £2 8 FB S F FF SG 
3 2 8 & & & < S$ 2 2 8 F F ZL fF BZ 
25 BHEHEHEHEHEHEEHEHEEE EE 6 
o HRIN Hl i HR6N 
HRP Hi || HR6P 
HW1Y | | HW6eyY 
HW1X || || HWeXx 
HWOX | | | HW7X 
rae a 8 CHANNEL BUMP DIE EXAMPLE a ner 
HOP Ba Note: Die shown bump side down a anZP 
erat | (looking through die) | Haan 
Fuse | || HB | oxo 
Fuse | ial HB | oxo 
Fuse | || HB | sx 
Fuse | Ta Control Side of Die vee 
Fuse ! | | | | VEE 
Fuse | || Bl vee 


xam | 
a 

vnas | i 
wos | i 
os | il 
ano | 
oon | 
oon | 
oon | 


asna 
I 
Nau 
dau 
AH@VW/AHEC/L14 | 


1) Landing pads on flex are required for these pads, but power or ground should not be routed to these pads. 
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4-CHANNEL PAD COORDINATES 


Specific Characteristics 
Die size: TBD x TBD Mils 
Pad Coordinates for the VM5431 (in Mils) are “oump down.” 


rt) 
= 
o 
= 
=u 
a 
a 


Pin Name X Axis Y Axis Pad Size 
Pin Name X Axis Y Axis Pad Size VCC 59.484 60.520 bia 
BIASN 22.016 60.520 4x4 VEC ave8o! sea ae 
FLT VCC 67.551 -43.843 4x4 
DBHV/ABHV 30.283 “60.520 4x4 VCC 67.551 -31.343 4x4 
FUSEO 52.484 -60.520 4x4oct VCC 67.551 -22.843 4x4 
FUSE1 66.484 -60.520 4x4oct VEE -67.551 -53.543 4x4 
FUSE2 67.551 -50.843 4x4oct VEE -67.551 -46.543 4x4 
FUSE3 67.551 -36.843 4x4oct VEE -66.484 -60.520 4x4 
FUSE4 67.551 -29.843 4x4oct WDX 3.575 -60.520 4x4 
GND -67.551 -39.543 4x4 WDY 14.315 -60.520 4x4 
GND -67.551 -32.543 4x4 
GND -67.551 -25.543 4x4 
GND -37.157 -60.520 4x4 
HRON 53.319 38.917 4x4 
HROP 53.319 31.917 4x4 
HRiN 53.319 10.122 4x4 
HR1P 53.319 -3.122 4x4 
HR2N -53.319 38.917 4x4 
HR2P -53.319 31.917 4x4 
HR3N -53.319 10.122 4x4 
HR3P -53.319 -3.122 4x4 
HWOX 53.319 17.917 4x4 
HWOoY 53.319 24.917 4x4 
HW1X 53.319 10.878 4x4 
HW1Y 53.319 3.878 4x4 
HW2X -53.319 17.917 4x4 
HW2Y -53.319 24.917 4x4 
HW3X -53.319 10.878 4x4 
HW3Y -53.319 3.878 4x4 
R/WN -4.087 -60.520 4x4 
RDN 44.878 -60.520 4x4 
RDP 37.878 -60.520 4x4 
SCLK -20.622 -60.520 4x4 
SDIO -28.890 -60.520 4x4 
SENA -12.354 -60.520 4x4 
VCC -59.425 -60.520 4x4 
VCC “52.425 -60.520 4x4 
VCC -45.425 -60.520 4x4 
VCC 59.484 -69.020 4x4 
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8-CHANNEL PAD COORDINATES 


Specific Characteristics 
Die size: TBD x TBD Mils 
Pad Coordinates for the VM5431 (in Mils) are “oump down.” 


rt) 
= 
o 
= 
=u 
a 
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Pin Name X Axis Y Axis Pad Size 
Pin Name X Axis Y Axis Pad Size BES Bae ceca on 
BIASN 22.016 69.020 4x4 BEY away et ae 
FLT HW6X -53.319 9.417 4x4 
DBHV/ABHV 30.283 69.020 4x4 HW6Y -53.319 16.417 4x4 
FUSEO 52.484 -69.020 4x4oct HW7X 53.319 2.378 4x4 
FUSE1 66.484 -69.020 4x4oct HW7Y -53.319 -4.622 4x4 
FUSE2 67.551 -59.343 4x4oct R/WN -4.087 -69.020 4x4 
FUSE3 67.551 -45.343 4x4oct RDN 44.878 -69.020 4x4 
FUSE4 67.551 -38.343 4x4oct RDP 37.878 -69.020 4x4 
GND -67.551 -48.043 4x4 SCLK -20.622 -69.020 4x4 
GND -67.551 -41.043 Ax4 SDIO -28.890 -69.020 4x4 
GND -67.551 -34.043 4x4 SENA -12.354 -69.020 4x4 
GND -37.157 -69.020 4x4 VCC -59.425 -69.020 4x4 
HRON 53.319 -18.622 4x4 vcc “52.425 -69.020 4x4 
HROP 53.319 -11.622 4x4 vcc -45.425 -69.020 4x4 
HR1N 53.319 30.417 4x4 VCC 59.484 -69.020 4x4 
HR1P 53.319 23.417 4x4 VCC 67.551 -52.343 4x4 
HR2N 54.169 54.394 4x4 VEE -67.551 -62.043 4x4 
HR2P 47.169 54.394 4x4 VEE -67.551 -55.043 4x4 
HR3N 5.169 54.394 4x4 VEE -66.484 -69.020 4x4 
HR3P 12.169 54.394 4x4 WDX 3.575 -69.020 4x4 
HR4N -5.169 54.394 4x4 WDY 14.315 -69.020 4x4 
HR4P -12.169 54.394 4x4 
HR5N -54.169 54.394 4x4 
HR5P -47.169 54.394 4x4 
HR6N -53.319 30.417 4x4 
HR6P -53.319 23.417 4x4 
HR7N -53.319 -18.622 4x4 
HR7P -53.319 -11.622 4x4 
HWOX 53.319 2.378 4x4 
HWOY 53.319 -4.622 4x4 
HW1X 53.319 9.417 4x4 
HW1Y 53.319 16.417 4x4 
HW2X 33.169 54.394 4x4 
HW2Y 40.169 54.394 4x4 
HW3X 26.169 54.394 4x4 
HW3Y 19.169 54.394 4x4 
HW4X -26.169 54.394 4x4 
HW4Y -19.169 54.394 4x4 
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ADVANCE INFORMATION 


VM5432 


PROGRAMMABLE, DUAL SUPPLY, 
GIANT MAGNETO-RESISTIVE HEAD, 
READ/WRITE PREAMPLIFIER 


August 12, 1999 


FEATURES 


* General 
- Transfer Rates in Excess of 500 Mbits/sec 
- Designed for Use With Four-Terminal GMR Heads 
- 3-Line Serial Interface 
- Die Temperature Monitor Capability 
- Operates from +5 and -5 Volt Power Supplies 
- Upto 8 Channels Available 
- Fault Detect Capability 
- Servo Bank Write Capability 


* High Performance Reader 
- Current or Voltage Bias / Voltage Sense Configuration 
- Reader Bias Current/Voltage 6-bit DAC, 2 -10 mA Range 
- Programmable Read Voltage Gain 


(100 V/V to 250 V/V Typical) 
- Input Noise Voltage = 0.55 nV/VHz Typical 
- Input Noise Current = 8 pA/VHz Typical 
- Input Capacitance = 2 pF Typical 
- Programmable Bandwidths to 350 MHz Typical 


¢ High Speed Writer 
- Write Current 5-bit DAC, 15 - 65 mA Range 
- Rise Time 500 pS Typical 


(10-90%, ly = 50 MA, Lista = 70 nH, R = 109) 


DESCRIPTION 
The VM5432 is an integrated BICMOS programmable 


read/write preamplifier designed for use in high-performance 
hard disk drive applications using 4-terminal recording heads. 
The VM5432 contains a thin-film head writer, a giant 

magneto-resistive (GMR) reader, and associated control and 


fault circuitry. 
Programmability of the VM5432 is achieved through a 3-line 


serial interface that is 3.3V TTL/CMOS compatible. 
Programmable parameters include reader bias current/voltage, 
write current, gain, head selection and response, write current 
overshoot and undershoot, fault modes, thermal asperity 
detection and threshold, and dynamic thermal asperity 


compensation. 
Fault protection circuitry disables the write current generator 


upon critical fault detection. This protects the disk from potential 
data loss. For added data protection internal resistors are 
connected to I/O lines to prevent accidental writing due to an 


open line and to ensure power-up in a non-writing condition. 
The VM5432 operates from +5V, -5V power supplies. Low 


power dissipation is achieved through the use of high-speed 
BiCMOS processing and innovative circuit design techniques. 


The device also provides power saving idle and sleep modes. 
The VM5432 is available in a 48-pin TQFP package or bump 


die form for chip-on-flex applications. Please consult VTC for 
details. 
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ABSOLUTE MAXIMUM RATINGS 


Power Supply: 
Veo) wislsinisistisitaies vcantiisnabitientisaanndiutiedastsanniidentadantnan -0.3V to +6V 
MV ces wich apni apinicees caapaniedeneeeu aapaautesnieeeanaessaniegiy +0.3V to -6V 

Read Bias: 
Current, Ime 

Input Voltages: 
Digital Input Voltage, Vin 
Head Port Voltage, V, 


ateecess -0.3V to (Veg + 0.3)V 
eee eee -0.3V to (Vgg + 0.3)V 


Junction Temperature, Ty 10.0... cece cece ee eeee cerca eens 150°C 
Storage Temperature, Tog ..-..cccceeeceeeeesseeeeseeeeeees -65° to 150°C 
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RECOMMENDED OPERATING CONDITIONS 


Power Supply Voltage: 


Write Current, ly ........2.::::eceeeeeeeeeee eee eeeeeeeen ee 
Write Head Inductance, Ly 
Write Head Resistance, Rw 
Read Bias: 


Gurr nt; lige: ocssetewterd she nebiin cet cvenittaaeataesdetiuae 2-10mA 
VOlaG 6s. Vigiiesasestunecesisccmazcindicsacgasianenaceance 100 - 500 mV 
Read Head Inductance, Lyp .......eeeeeeec cece cece eee eects ee eee eee 10 nH 
Read Head Resistance, Ryp........-.- 25 - 80 Q (Imr*Rmr<700mV) 


Junction Temperature, Ty ............: cece ceeeee eee eee eee 0°C to 125°C 


GENERAL DESCRIPTION 


Serial Interface Controller 

The VM5432 uses a 3-line read/write serial interface for control 
of most chip functions including head selection, reader bias 
current/voltage magnitude and write current magnitude. 

See SERIAL PORT on page 133 for protocol descriptions, bit 
descriptions and timing information. 


Preamplifier Configuration and Selection 

All control lines on the VM5432 may be shared, including the 
serial lines SCLK, SDIO and SENA. Default settings are listed in 
Table 63 on page 139. 


OPERATING MODES 
Pin and register combinations select read/write, servo track 
write or mode operations as shown in Table 56. 


Table 56 Mode Select 


Pin Register:Bit 
R/WN | BIASN|SLEEPN IDLEN|BANK1|BANKO Operational 
pin 5>|pin 13>, 4:<DO> |4:<D1>|4:<D6>|2:<D7> Mode 
xX Xx 0 Xx Xx Xx Sleep 
X X 1 0 X X Idle 
0 0 1 1 0 0 Write 
Bias Active 
1 1 1 0 0 Write 
Xx 1 1 1 1 Servo Write 
1 0 1 1 0 0 Read 
Bias Active 
1 1 1 1 0 0 Read 


Note: Two or more independent failures are required to cause 
an illegal chip selection, in which case the FLT pin is 
asserted and an error code is generated. 


Test Modes 

Test modes allows the user to calculate the read head 
resistance or to monitor the die temperature or buffered head 
voltage. 
Read Head Resistance 

The resistance of the MR head can be measured in three 
ways: an automatic digital conversion, an iterative method using 
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DBHV and threshold settings to trigger or not trigger a fault, or 
by monitoring the ABHV output. 
Digital Conversion 

To perform digital conversion of the read head resistance: 

1) Place device in Read Mode (see Table 56). 

2) Set the RMR/TEMP bit (9:<DO>) low to enter the MR 
resistance measurement mode. 

3) Set DIGON bit (7:<D7>) high and wait 50us for the 
preamp to convert the resistance. (DIGON automatically 
resets low when the conversion is complete.) 

4) The resistance is stored in DSTRO-6 as a 7-bit word ina 
direct binary format. For example, if 7:<D6-D0> = 
0010000 the MR head resistance is 16 Ohms. (The 
measurement range for MR resistance is 0 - 127 Q.) 

Note: MR bias current is always enabled in this mode. 
Iterative Resistance Reading 
To perform the iterative resistance reading: 

1) Place device in Read Mode (see Table 56). 

2) Set the DBHV bit (4:<D3>) high to enter the MR 
resistance measurement mode. 

3) Monitor the FLT/ABHV/DBHV pin to determine the 
voltage across the MR element: 

- A high indicates the voltage is within the window (150mv to 


320mv). 
- A low indicates the voltage is outside the window. 


4) Vary the MR bias current (9:<D2> and 1:<D3-D7>) to 
determine where the defined thresholds are crossed. 
The FLT line is not valid until the Iyj,_ change settles; 
values for this are listed in SWITCHING 
CHARACTERISTICS on page 147. 

5) Resistance can be inferred from the threshold settings. 

Buffered Head Voltage 
To output the MR head voltage on the FLT/ABHV/DBHV pin: 

1) Place device in Read Mode (see Table 56). 

2) Set ABHV bit (9:<D7>) high to output the MR head 
voltage as scaled by a gain of 5. 

Note: If ABHV and DBHV are both high, ABHV takes prece- 
dence. See the truth table in PINFUNCTION LIST AND 
DESCRIPTION on page 141. 
Die Temperature Monitoring 
The die temperature range is 0°C to 150°C. To measure the 
die temperature: 

1) Set RMR/TEMP (9:<D7>) high to enable the die 
temperature. 

2) Set DIGON bit (7:<D7>) high and wait 50us for the 
preamp to convert the temperature. (DIGON 
automatically resets low when the conversion is 
complete.) 

3) The die temperature is stored in DSTRO-6 as a 7-bit 
word in a binary format using the formula below. For 
example, if 7:<D6-D0> = 0100000 the die temperature is 


38°C (32°C x 1.18). 
T = 1.18k (eq. 22) 


where k = 0 - 127 and T is degrees Centigrade 
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Sleep Mode 

In the sleep mode power consumption is minimized. All 
outputs are disabled (except in test mode). The writer current 
source and the reader bias current/voltage source are 
deactivated and faults are not detected in Sleep Mode. 

Sleep mode is selected by setting 4:<D0O> = 0, see Tables 56, 
60 and 62. 

Note: Always transition from Sleep to Idle mode 10 us before 

entering an active mode. 


Idle Mode 

The internal write current generator, write current source and 
read bias current/voltage source are deactivated while the RDN 
and RDP outputs switch to a high impedance state. The serial 
register contents remain latched and filter capacitance bias is 
maintained to reduce power-up delay. Faults are not detected in 
Idle Mode. 

Idle mode is triggered by setting 4:<D1> = 0, see Tables 56, 60 
and 62. 


Dummy Mode 

Setting DUMMY (9:<D1>) high directs the MR bias 
current/voltage to an internal dummy head. This maintains the 
reader bias at operational levels for quick read recovery. 


Read Mode 

In the read mode, the circuit operates as a low noise 
differential amplifier that senses resistance changes in the 
reader element which correspond to flux changes on the disk. 

Read mode is selected by setting the R/WN pin high. In the 
read mode the bias generator, the input multiplexer, the read 
preamp and the read fault detection circuitry are active. 

The VM5432 uses the voltage-sensing reader architecture 
with biasing programmable as current or voltage. The magnitude 
of the reader bias current/voltage is set to the value programmed 
in 9:<D2> and 1:<D3-D7>. The equations below govern the read 
bias current/voltage magnitude: 


Current Mode 
2 
Ive = 2+ (kup: 0-127]mA ene 
Voltage Mode 
(eq. 24) 


Var = 100+ (kyr: 6.35)mV 


kip = 0 to 63 


The reader operates in one of two constant bias modes: 

* Current bias mode is selected by setting 9:<D4> = 0, and 

* Voltage bias mode is selected by setting 9:<D4> = 1. 

In the current bias mode a constant current is applied to the 
MR element. In voltage bias mode a constant voltage is applied 
to the MR element. The applied value is programmed in 9:<D2> 
and 1:<D3-D7>. 

Read head center voltages are controlled in all modes and are 
held near ground potential. This reduces the possibility of 
damaging head-media arcing and minimizes current spikes 
during disk contacts. Selected heads are held within +500mV of 
ground and unselected heads are held at approximately 
-800mV. 

The reader enters a fast recovery mode during modal 
transitions, serial operations, and when the reader is biased 
during a write mode. The fast recovery mode minimizes signal 
anomalies on the reader outputs. 
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Read Bias Enable in Read Mode 
Bias is always enabled in read mode. 


Fault Detection in Read Mode 

In the read mode, a TTL low on the FLT/ABHV/DBHV pin 
indicates a fault condition. Fault codes, conditions and the 
modes in which they are valid are listed in Table 64. 

Specific fault conditions may be disabled by setting the Fault 
Reporting Mode, 6:<D6-D0> as shown in Table 65. The default 
setting (0000) is to enable all faults. 

Fault codes are cleared by setting the Clear Fault bit, 6:<D7> 
= 1 or by apower-up reset (see Table 63). The following are valid 
read fault conditions: 

« MR Overcurrent 

« Thermal Asperity Detected 

« Read Head Open 

* Read Head Shorted 

¢ Low Vgc or Veg 

* Overtemperature 

* Invalid Head Selected 


Read Gain 

The default gain is 100 V/V with a head resistance of 55Q. 
Read Gain may be increased in 50V/V increments using a 2-digit 
binary code in 4:<D2 and 9:<D3>. The formula that describes 
the actual gain is shown below: 


7) 
= 
o 
— 
=u 
a 
a 


475 


GAIN = ——>— 
420 +Ryp 


[100 + 50(kg ai) ] (eq. 25) 


keain = 9-3 
Fast Mode 
Setting the FAST bit (4:<D5>) high in read mode, raises the 
low corner frequency to 5MHz. If the FAST bit is low, the low 
corner frequency is set to the value programmed in LFP 
(5:<D4-D5>). 


Thermal Asperity Detection and Recovery 
Detection 

Setting the TAD bit high (3:<D3>) enables positive or negative 
thermal asperity detection. 

If a head-to-disk contact occurs, the thermal asperity in the 
read element will result in a fault condition. The range of the 
voltage threshold is governed by the following equation and is 
set in 9:<D6> and 3:<D4-D7>: 


k 
Veat = 50 + {900 x (—t47)| 


Vrar represents the TA threshold (output-referred in mVpk). 
krzar represents the TA DAC setting (0-31). 


(eq. 26) 


Note that a fault condition resulting from a thermal asperity will 
remain active until the positive or negative hysteresis is <20% of 
the threshold. 


Fast Recovery 

Setting the TA Compensation (TAC) bit high (9:<D5> = 1) 
automatically initiates the Fast Recovery mode if a thermal 
asperity is detected. 

The low frequency corner is raised to 5MHz from the nominal 
value programmed in 5:<D4-D5>. Raising the low frequency 
corner removes the low frequency component of the asperity 
event and allows the preamp to reach its DC operating point 
rapidly after a thermal asperity occurrence. 
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Note: The TA detection circuitry must be enabled in 3:<D3>. 


Write Mode 

In the write mode, the circuit operates as a write current switch, 
driving the thin-film write element of the head. 

Write mode is selected by setting the R/WN pin low. 

The magnitude of the write current is determined by the write 
current registers (2:<D0-D4>). The following equation governs 
the write current magnitude: 


Iy = 15+ (kp: 1.61)mA (eq. 27) 


lw represents the write current (mA flowing to the selected head). 
kw represents the write current DAC setting (0 to 31). 


The write data (PECL) signals on the WDX and WDY lines 
drive the current switch of the selected head. 
See Figure 51 for the timing diagram. 


Write Current DAC 
Register 2:<D0-D4> represent the binary equivalent of the 
DAC setting (0-31, LSB first). 


Read Bias Enabled in Write Mode 

Taking the BIASN pin low (at least 5us before the R/WN pin is 
set high) enables reader bias current/voltage to the selected 
head. The read circuitry is in its normal “read” state except that 
the outputs are disabled. Another circuit is enabled to maintain 
the common-mode voltage at the reader outputs, thereby 
substantially reducing write-to-read transition times. 


Write Data Modes 

Setting the WVORI bit low (5:<D35) initiates Write Data Inputs 
in Voltage Mode. Setting the WVORI bit high initiates the Write 
Data Inputs in Current Mode. 


Fault Detection in Write Mode 

In the write mode, a TTL high on the FLT/ABHV/DBHV pin 
indicates a fault condition. Fault codes, conditions and the 
modes in which they are valid are listed in Table 64. 

Specific fault conditions may be disabled by setting the Fault 
Reporting Mask, 6:<D0-D6> as shown in Table 65. The default 
setting (000000) is to enable all faults. 

Fault codes are cleared by setting the Clear Fault bit, 6:<D7> 
= 1 or by a power-up reset (see Table 63). 

The following are valid write fault conditions: 

« Write Data Frequency Low 

* Open or Shorted Write Head 

* Servo Fault 

* Low Voc or Vege 

* Overtemperature 

* Invalid Head Selected 
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Servo Write Mode 

In the servo write mode, up to eight channels may be written 
simultaneously. 

Table 62 indicates how heads can be selected for individual or 
simultaneous writing. 

Setting both BANK bits (2:<D7> and 4:<D6>) to ‘1’ and holding 
the R/WN pin low places the preamp in servo write mode (see 
Table 56). A high in SHDn (8:<D0> to 8:<D3> selects the 
specific head pair on which to perform the servo write. The 
default setting is to select all heads (8:<DO-D3> = 1111). 
Note: It is the customer’s responsibility to make sure the ther- 

mal constraints of the die/flex/package are not exceeded. 
(This could be achieved by lowering the supply voltage, 
reducing the write current or cooling the device.) 

A servo fault is generated if BANK bit (2:<D7> or 4:<D6>) 
settings do not match as shown in Table 57. 


Table 57 Servo Faults 


BANK1 BANK 0 Mode Fault 
4:<D6> 2:<D7> 
0 0 Active ' No 
0 1 Active | Yes 
1 0 Active ' Yes 
1 1 Servo No 
1. Active includes all modes (read, write, idle, sleep or test), except servo. 
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SERIAL PORT 


Serial Interface 
The VM5432 uses a 3-line read/write serial interface for control of most chip functions including head selection, reader bias 
current/voltage magnitude and write current magnitude. See Tables 59 and 60 for a bit description. 
The serial interface has two input lines, SCLK (serial clock) and SENA (serial enable), and one bidirectional line SDIO (serial data 
input/output). The SCLK line is used as reference for clocking data into and out-of SDIO. The SENA line is used to activate the SCLK 
and SDIO lines and power-up the associated circuitry. When SENA is low only the output D-latches and the reference generators 
remain active. An internal pull-down resistor is connected to SENA to ensure power-up in a non-writing condition and to prevent 
accidental writing due to open lines. 
16-bits constitute a complete data transfer as shown in Figure 48. 
* The first 8-bits <A7-A0> are write-only and consist of: 
- one command bit <A0> (high for read, low for write), 
- three chip select bits <A3-A1> that validate the preamplifier address logic levels in Table 59, and 
- four register address bits <A7-A4>. 

* The second 8-bits <D7-DO> consist of data to be written-to or read-from the control registers. 


A data transfer is initiated upon the assertion of the serial enable line (SENA). Data present on the serial data input/output line (SDIO) 
will be latched-in on the rising edge of SCLK. During a write sequence this will continue for 16 cycles; on the falling edge of SENA, the 
data will be written to the addressed register. 

During a read sequence, SDIO will become active on the falling edge of the 9th cycle (delayed to allow the controller to release control 
of SDIO). At this time <DO> will be presented and data will continue to be presented on the SDIO line on subsequent falling edges of 
SCLK. 

Note: Data transfers should only take place in idle or write modes. I/O activity is not recommended in read mode. The reader 

invokes a fast mode while a serial interface operation occurs. 

See Tables 59 and 60 for a bit description. See Table 58, and Figures 49 and 50 for serial interface timing information. 


Clk 1 Clk 16 


Preamp 
Address Bits Register Address Bits Data Bits 


SDIO (Rw X Ai X a2 Xas Kas Xas Kas XAT X Do X 01 X D2 X ds X D4 X Ds X 06 X D7 ) 


SENA / \ 


Figure 48 Serial Port Protocol 
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Table 58 Serial Interface Parameters 
DESCRIPTION SYMBOL MIN NOM MAX UNITS 
Serial Clock (SCLK) rate, write 40 MHz 
SENA to SCLK delay Teesne TBD nS 
SDIO setup time, write le TBD ns 
SDIO delay time, read Tyas TBD TBD nS 
SDIO hold time Toh TBD nS 
SCLK cycle time Te TBD nS 
SCLK high time Toxh TBD nS 
SCLK low time Tout TBD nS 
SENA hold time Tshia TBD nS 
Time between I/O operations Tg TBD nS 
Time from controller releasing SDIO 
(tristate) to SCLK falling edge Tr TED nS 
Time to activate SDIO Tse. TBD TBD ns 
Duration of SerEna (read) Tig TBD ns 
Duration of SerEna (write) Twt TBD nS 
Note: SENA assertion level is high. 
Te Tckh Tckl 
SCLK en ey Ae ey ee Wy 
SDIO Rwb AI BA == pb X 06 X 7: ?) 


ae 
" Twds | Th’ 


<> | > ~=zTrds 

'Tdh m4 

i + Tact ie 4 
spi0 (“sXe XX XOX eX”) 
SENA 


Figure 50 Serial Port Timing - Tristate Control during Read Operation 
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Serial Registers 

8-bit registers are accessible for read/write operations via the serial interface. Table 59 lists the serial address for each register. Table 
60 lists the data contents of the basic register set and Table 61 lists register selections available as options. A description of the 
individual bits is provided in Table 62. 


o 
= 
oc 
=i 
Table 59 Serial Interface Addressing fo 
: Register Preamp i 
Register # Address Bits Address Bits aw EE 
<A7> <A6> <A5> <A4> <A3> <A2> <A1> <A0> 
0 0 0 0 0 
1 0 0 0 1 
2 0 0 1 0 
3 0 0 1 1 
4 0 1 0 0 Owe 
5 0 1 0 1 0 0 1 sie 
6 0 1 1 0 ~ 
7 0 1 1 1 
8 1 0 0 0 
9 1 0 0 1 
10 1 0 1 0 
Table 60 Serial Interface Bit Map - Base Registers 
; . Data Bits 
RuneHen Registers <D0> <D1> <D2> <D3> <D4> <D5> <D6> <D7> 
Vendor ID 0! VENDO VEND1 VEND2 REVO REV1 REV2 CHNL 2 
Head Select/IMR 1 HSO HS1 HS2 3 IMR1 IMR2 IMR3 IMR4 IMR5 
Write Current 2 Iwo Iw Iw2 IW3 IWw4 - a BANKO 
Thermal Asperity 3 OSCO OSC1 OSC2 TAD TA1 TA2 TA3 TA4 
Mode Select 4 SLEEPN IDLEN GAINO DBHV 2 FAST BANK1 2 
1. Read Only Register/Bits: 
Register 0:<D0-D2> is the Vendor ID code (VTC=010), 
Register 0:<D3-D5> is the Vendor revision code. Initial revision shall be (REVO = 0, REV1 =0, REV2 = 0), 
Register 0:<D6> is the Channel count (0 = 8 channel, 1 = 4 channel), 
2. Reserved. 
3. Use of HS2 (1:<D2>) is restricted to 8-channel device. 
Table 61 Serial Interface Bit Map - Optional Registers 
; . Data Bits 
Faces Registers <D0> <D1> <D2> <D3> <D5> <D4> <D6> <D7> 
eee 5 usco | USC1 usc2 | wvorl | LFP1 LFPO BWo BW1 
Fault 6 FLTO FLT1 FLT2 FLT3 FLT5 FLT4 FLT6 CLRFC 
Resistance/Temp 7 DSTRO DSTR1 DSTR2 DSTR3 DSTR5 DSTR4 DSTR6 DIGON 
Servo 8 SHD1/0 SHD3/2 SHD5/4 SHD7/6 | FCODE1 | FCODEO | FCODE2 | FCODE3 
Other 9 ui DUMMY IMRO GAIN1 TAC \/V TAO ABHV 
Reserved 10 TTOSC 1 : GMCTL | GMCTL | GMCTL | GMCTL : 


1. Reserved for VTC testing. 
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Table 62 Serial Register Data Bit Descriptions 
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Register | Bits Function Symbol Description 
0 DO-D2 Vendor Code VENDn | Binary Vendor Code (010 = VTC) 
sk REVn_ | Binary Revision Count: 
pS-Ds Pevisiomotran Revision 1 (000) to Revision 8 (111). Count restarts at 1after exceeding 8: 
CHNL_ | 0 = 8 Channel device 
Ce Ghianel noun 1 = 4 Channel device 
D7 Reserved 
1 DO-D2 Head Select HSn Binary selection of head HS2 HS1 HSO 
Head Select 1:<D2>|1:<D1>/1:<D0> 
0 0 0 0 
1 0 0 1 
2 0 1 0 
3 0 1 1 
4 1 0 0 
5 1 0 1 
6 1 1 0 
7 1 1 1 
Note: Use of HS2 (1:<D2>) is restricted to 8-channel device. 
D3-D7 Bias Level - MSB IMRn _ | Binary selection of MR Head Bias - 5 most significant bits 
Current Bias = 2mA (00000) to 9.87mA (11111) in 0.254mA increments. 
Voltage Bias = 100mV (00000) to 494mV (11111) in 12.7mV increments. 
Note: The 5 most significant bits independently function as the Imp or Vr 
setting. The least significant bit of IMR DAC (9:<D2>)doubles the bias 
level resolution set by these bits. 
Note: Current or Voltage Bias is selected in 9:<D4>. 
2 DO-D4 Write Current IWn Binary selection of Write Current 
15 mA (00000) to 65 mA (11111) in 1.6 mA increments. 
D5-D6 Reserved 
D7 Servo Bank 0 BANKO | 0/1 = See Table 57, “Servo Faults,” on page 132 
Note: BANK1 (4:<D6>) must also be selected for a valid servo write. 
Note: Register 8:<D0-D3> defines which heads to servo write. Default is 
to servo write 8 heads (see Table 63). 
3 DO-D2 Overshoot Control OSCn_ | Overshoot Control 
TBD % 000) to TBD % (111) in TBD % increments. 
D3 Thermal Asperity TAD 0 = TA Detection disabled. 
Detection 1 = TA Detection enabled. 
D4-D7 Thermal Asperity TAn Binary selection of Thermal Asperity Threshold - 4 most significant bits 
Threshold - MSB TA Range = 50 mV (00000) to 949 mV (11111) in increments of 29 mV. 
Note: Least significant bit of thermal asperity (TAO) is stored in 9:<D6>. 
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Register | Bits Function Symbol Description 
4 DO Sleep SLEEPN | 0/1 = See Table 56, “Mode Select,” on page 130 
Note: This bit has precedence over the IDLEN bit (4:<D1>). 
D1 Idle Mode IDLEN | 0/1 = See Table 56, “Mode Select,” on page 130 
Note: The SLEEPN bit (4:<D0>) has precedence over this bit. 
D2 Gain - LSB GAINO | Binary selection of MR Reader Gain least significant bit} GAIN1 | GAINO 
Gain 9:<D3>| 4:<D2> 
100 V/V 0 0 
150 V/V 0 1 
200 V/V 1 0 
250 V/V 1 1 
Note: Register 9:<D3> defines GAIN1 - MSB. 
D3 Digital Buffered Head DBHV_ | 0 = Disable 
Voltage Output 1 = Enable 
Note: DBHV is overridden when ABHV (9:<D7>) is enabled. 
D4 Reserved 
D5 Fast Mode FAST | Raises low corner frequency 5 MHz 
0 = Disable 
1 = Enable 
D6 Servo Bank 1 BANK1 | 0/1 = See Table 57, “Servo Faults,” on page 132 
Note: BANKO (2:<D7>) must also be selected for a valid servo write. 
Note: Register 8:<D0-D3> defines which heads to servo write. Default is 
to servo write 8 heads (see Table 63). 
D7 Reserved 
5 DO-D2 Undershoot Control USCn__| Undershoot Control 
TBD % (000) to TBD % (111) in TBD % increments. 
D3 | Write Voltage or Current | WVORI | 0 = Voltage mode write data inputs. 
1 = Current mode write data inputs. 
D4-D5 | Low Frequency (-3dB) LFPn_ | Binary selection of Low Frequency Bandwidth: LFP1 |LFPO 
Bandwidth Low Frequency Bandwidth 5:<D5>| 5:<D4> 
1 MHz 0 0 
2 MHz 0 1 
3 MHz 1 0 
5 MHz 1 1 
D6-D7 Bandwidth BWn Binary selection of Bandwidth: BW1 | BWO 
Bandwidth 5:<D7>| 5:<D6> 
200 MHz 0 0 
250 MHz 0 1 
300 MHz 1 0 
350 MHz 1 1 
6 DO-D6 Fault Mask FLTn | Fault Reporting Mask 
See Table 65. 
D7 Clear Fault Codes CLRFC | 0 = Retain faults 
1 = Clear faults 
Note: CLRFC resets to 0 after fault codes clear. 
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Table 62 Serial Register Data Bit Descriptions 


Register | Bits Function Symbol Description 


7 DO-D6 MR Resistance or DSTRn | Binary output (read only) of MR Head Resistance or Die Temperature: 
Die Temperature Resistance range is 0 to 127 Ohms. 

Temperature range is 0 to 150°C. 

Note: 7:<D7> selects analog or digital output. 

Note: Register 9:<D0> selects resistance or temperature output. 
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D7 {Internal Digital Conversion} DIGON | 0 = Analog-to-digital conversion off 

1 = Start analog-to-digital conversion 

Note: DIGON resets to 0 when analog-to-digital conversion completes. 
Note: Reader Resistance or Die Temperature output is selected in 
9:<D0> and the measurement is stored in 7:<D0-D6>. 


8 DO-D3 Servo Head Select SHDn_| Binary selection of the head pairs to be servo track written. 
Examples: 
1. 1000 = Servo Write Head Pair 6/7 [8 channel IC only (0:<D6> =0)): 
2. 0011 = Servo Write Head Pairs 0/1 and 2/3: 
- BitO=1 selects HDO/1 pair 
- Bit 1=1 selects HD2/3 pair 
- Bit 2 =0 deselects HD4/5 pair 
- Bit 3 =0 deselects HD6/7 pair 
Note: Default is to servo write all heads (see Table 63). 
Note: BANKO and BANK1 (2:<D7> and 4:<D6>) must be selected to 


servo write. 
D4-D7 Fault Condition FCODEn | Binary code of Fault(s) 
See Table 64. 
9 DO MR Head Resistance or | RMR/ |0=MR Head Resistance stored in DSTRn register (7:<D0-D6>). 
Die Temperature TEMP | 1 = Die Temperature stored in DSTRn register (7:<D0-D6>). 


D1 Dummy MR Head Load | DUMMY | 0 = MR Head selected using HSn register (1:<D0-D2>) setting. 
1 = Dummy head resistive load selected. 


D2 Bias Level - LSB IMRO | Binary selection of MR Head Current Bias least significant bit 

Current Bias = 2mA (000000) to 10mA (111111) in 0.127mA increments. 
Voltage Bias = 100mV (000000) to 500mV (111111) in 6.35mV incre- 
ments. 

Note: The 5 most significant bits of IMR DAC (IMR1 to IMR5) are stored 
in 1:<D3-D7> and independently function as the Iy_ or Viv; setting. This 
bit (the LSB) functions as a Ip or Vu, resolution doubling bit to the most 
significant bits (from 0.254mA or 12.7mV when only IMR1-IMR5 are 
used). 

Note: Current or Voltage Bias selected in 9:<D4>. 


D3 Gain - MSB GAIN1 | Binary selection of MR Reader Gain - most significant bits 
See register 4 bit 2 for an explanation of Reader Gain settings. 
Note: Register 4:<D2> defines GAINO - LSB. 


D4 Current or Voltage Bias /V 0 = Current bias mode. 
1 = Voltage bias mode. 
Note: Bias level is set in registers 9:<D2> and 1:<D3-D7> 


D5 Thermal Asperity TAG 0 = No TA Compensation. 
Compensation 1 = TA Compensation selected. 
Note: TA Detection must be enabled in 3:<D3> for TAC to function. 
D6 Thermal Asperity TAO Binary selection of Thermal Asperity Threshold - least significant bit 
Threshold - LSB TA Range = 50 mV (00000) to 949 mV (11111) in increments of 29 mV. 
Note: Most significant bits of thermal asperity (TA1-TA4) are stored in 
3:<D4-D7>. 
D7 Analog Buffered Head ABHV_ | 0 = Disable 
Voltage Output 1 = Enable 


Note: ABHV overrides DBHV (4:<D3>). 
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Table 62 Serial Register Data Bit Descriptions 


Register | Bits Function Symbol Description 
10 DO Reserved an 
D1 TTOSC Reserved for VTC testing = 
D2 Reserved = ri 
D3-D6 GMCTL Reserved for VTC testing ° 
D7 Reserved 


Table 63 Power-on Reset Register Values 


: z Power-on Reset Value 

Function Register Number <D7-D0> 
Vendor ID 0 <XXXX XXXX> 
Head Select/IMR 1 <0000 0000> 
Write Current 2 <0000 0000> 
Thermal Asperity 3 <0000 0100> 
Mode Select 4 <0000 0000> 
Bandwidth/Undershoot 5 <1100 0100> 
Fault 6 <0000 0000> 
Resistance/Temp 7 <0000 0000> 
Servo 8 <XXXX 1111> 
Other 9 <0000 0000> 
Reserved 10 <0000 0000> 
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Fault Reporting and Masking 


Table 64 Fault Conditions and Codes 


vu 
g = fag ton Fault Priority ‘| Valid Mode(s) | Mask? Conditions 
a 0000 No Fault - Read or Write - 
0001 Reserved 3 Read - 
0010 MR Overcurrent 2 Read M 
0011 Thermal Asperity Detected 6 Read M 
0100 Read Head Open 7 Read Ms 
0101 Read Head Shorted 8 Read M3 
0110 Write Data Frequency Low 5 Write M 
0111 Write Head Open/Shorted 3 Write M 
1000 Servo Fault 9 Read or Write Unmatched servo bank bits 
1001 Low Vcc OF Veg 1 Read or Write M 
1010 Reserved - - - 
1011 Overtemperature 10 Read or Write M Temp > 140°C 
1100 Invalid Head 4 Read or Write Only applies to 6 or 12 channel devices 
1101 Reserved - - - 
1110 Reserved - - - 
1111 Reserved - - - 


1. First fault reported is latched until a higher priority fault is reported or the code is cleared. 
2. See Table 65 for an explanation of fault masking. 
3. Single bit masks both faults. 


Setting the appropriate bit(s) listed in Table 65 masks the fault(s) at both the fault register and the FLT pin. If 9:<D7-D0> = 0000 
0101, an MR Overcurrent fault is masked with the 9:<D0> bit and Read Head Open and Read Head Shorted faults are masked with 
the 9:<D2> bit. 


Table 65 Fault Masking 


Mask Bit Mask Bit 


Register 6 Fault(s) Masked ' Revisier6 Masked Fault 
<D0> MR Overcurrent <D4> Write Head Open/Shorted 
<D1> Thermal Asperity Detected <D5> Low Vcc or Veg 
<D2> Read Head Open/Shorted <D6> Overtemperature 
<D3> Write Data Frequency Low 


1. Single bit masks both Read Head Open and Read Head Shorted faults. 
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. Logic Level a 
Signal Input/Output Default 1 Description , 
FLT/ABHV/DBHV oO? - Write/Read Fault and Buffered Oniauit ABHV DBHV = 
Head Voltage (Analog or Digital) as a 9:<D7> 4:<D3> =i 
shown in truth table: FLT 0 0 - 
¢ Fault (FLT) output: 
- ATTLhigh level indicates a DBHV 0 1 
fault in write mode. ABHV { 0 
- ATTLlow level indicates a fault 
in read mode. ABHV . : 
* Analog or Digital Buffered Head 1. ABHV overrides DBHV setting. 
Voltage output when ABHV Output is Analog Buffered Head Voltage (ABHV). 
and/or DBHV is enabled. 
GND S - Ground 
HRON-HR3N | - Read head connections, negative end. 
HROP-HR3P | - Read head connections, positive end. 
HWOX-HW3X O - Thin-Film write head connections, positive end. 
HWOY-HW3Y O - Thin-Film write head connections, negative end 
R/WN 12 high Read/Write: 
A TTL low level enables write mode. 
BIASN high MR Bias: 
¢ When 4:<D3> = 0 (BIASN): 
- A TTL high level diverts MR current internally and common mode clamps the 
reader outputs. 
- A TTL low level enables bias current through the active head. 
RDP, RDN oO? - Read Data: 
Differential read signal outputs. 
SCLK |? low Serial Clock: 
Serial port clock; see Figure 48. 
SDIO 0? low Serial Data: 
Serial port data; see Figure 48. 
SENA [2 low Serial Enable: 
Serial port enable; see Figure 48. 
VCC . - +5.0V supply 
VEE 7 7 -5.0V supply 
WDX, WDY 12 high Differential Pseudo-ECL write data inputs 


1. 40kQ pullup/pulldown resistors are used to default pins to specified high or low levels. 
2. When more than one device is used, these signals can be wire-OR’ed together. 
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TYPICAL CONNECTION DIAGRAM 


3 HWnX +5V 
fez ae T 
20 vec |___4 
D 
ELF Ln | 
HRnP 5kQ 
o 
L_] HRnN 
| GND 
+5V 
vcc 
220pF 
RDX|__} 
-5V T Read 
a 5002 © Outputs 
|__| Vee RDY|—| 
220pF 


Note: The structure placements in the diagram are not meant to indicate pin/pad locations. The connections shown will apply regard- 
less of pin/pad location variation. 


Application Notes: 


* Power supplies have been separated by Read/Write functionality to reduce noise coupling. 
If separate supplies are not available, VTC recommends that the supply lines be connected externally some distance from the 
preamp. 


* Data transfers should only take place in idle or write modes. I/O activity is not recommended in read mode and will result in reader 
performance degradation. 


« VTC recommends placing decoupling 0.1 uF and 0.01 uF capacitors in parallel between the following pins: 
VCC - GND 
VEE - GND 


* For maximum stability, place the decoupling capacitors as close to the pins/pads as possible. 
* Minimum FLT pullup resistance is 5 kQ. 
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STATIC (DC) CHARACTERISTICS 


Recommended operating conditions apply unless otherwise specified. Iyj_=5 mA, ly = 50 mA. 


VM5432 "4 


& 


/ 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Read Mode 92 TBD 
Write Mode 93 175 
mA 
Voc Power Supply Current loc Write Mode, Reader Biased 135 TBD 
Idle Mode 15 TBD 
Sleep Mode TBD HA 
Read Mode 38 TBD 
Write Mode 68 150 
mA 
Vee Power Supply Current lee Write Mode, Reader Biased 86 TBD 
Idle Mode 2 TBD 
Sleep Mode 20 TBD HA 
Read Mode 650 TBD 
Write Mode 805 TBD 
Power Supply Dissipation Py Write Mode, Reader Biased 1105 TBD mW 
Idle Mode 85 TBD 
Sleep Mode 2.6 TBD 
Read Mode 92 TBD 
Voc Power Supply Current loc 
Write Mode 93 175 
mA 
Input High Voltage V TTL 2.0 Voc 
IH +0.3 
Input Low Voltage ViL TTL -0.3 0.8 
PECL 120 
Input High Current, V4 = 2.0V Ni HA 
TTL 80 
PECL 100 
Input Low Current, Vj, = 0.5V lie HA 
TTL -160 
Output High Current lon FLT: Voy = 5.0V 50 HA 
Output High Voltage Vou TTL, loy=TBD 2.40 Voc V 
Output Low Voltage Vor TTL, lop = 4mA 0.6 V 
Voc Fault Threshold VotH Hysteresis = 100mV +10% 3.75 4.0 4.25 V 
Vee Fault Threshold VetH Hysteresis = 100mV +10% -4.25 -4.0 -3.75 V 
PECL 1.9 Voc V 
High Level WDATA 
Current Mode (sink) 25 100 200 HA 
PECL 1.5 Vin - 0.4 V 
Low Level WDATA 
Current Mode (sink) 0.8 1.0 2 mA 
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STATIC (DC) CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. Iyjp_=5 mA, ly = 50 mA. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
a) 
m = WDATA PECL swing Voltage mode differential ! 0.4 Vop 
= 
o Voltage compliance for WDATA CMM of inputs when in current mode Voc -1.0 V 


READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iy_ = 5MA, Lyrg = 30NH, Ry; = 55Q. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Reader Head Current Range le 2 10 mA 
Reader Head Current Tolerance 2MA < Iya < 10 mA, -5 +5 % 
Reader Head Voltage Range Vur 100 500 mV 
Reader Head Voltage Tolerance 100 mV < Vur; < 500 mV, -5 +5 % 
Unselected Reader Head Current 100 HA 
VIN = 1mVpp @ 20MHz, 
Rigi = TBD, 100 VIV 
Differential Voltage Gain Ay Gain Bits = 00 
Gain Bits = 11 250 V/V 
-1dB TBD TBD TBD 
Passband Upper Frequency Limit fur 
No Boost, -3dB TBD 350 TBD 
-1dB TBD TBD TBD 
Passband Lower Frequency Limit fir 
-3dB, normal mode, LFP = 00 TBD 1 TBD MHz 
Input Noise Voltage en 1 MHz <f < 100 MHz 0.55 nV/VHz 
Ive = 8 MA, — 
Input Noise Bias Current in Noise independent of Iya 8 pA/NHz 
1 MHz <f < 100 MHz 
1 MHz <f < 10 MHz TBD dB 
Noise Peaking 
10 MHz <f < 200 MHz TBD dB 
Differential Input Capacitance Cin TBD 2 4 pF 
Differential Inout Resistance Rin 400 Q 
AC input V where A, falls to 90% 
Dynamic Range DR of its value at Vy = TBD @ f = 20 6 MV op 
MHz 


Vom = TBD mVpp, 


. vibe 10 MHz <f < 200 MHz - 

ommon Mode 

Rejection me 1 MHz <f < 10 MHz 40 a 
f < 100 kHz 60 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iy_= 5mMA, Lyra = 30NH, Ry; = 55Q. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
100mV,, ON Voc OF Vee, 40 
10 MHz < f < 200 MHz 
Power Supply 100mV,, ON Voc OF Vee, 
Rejection Pane 1 MHz <f < 10 MHz #0 ae 
100mV,, ON Voc OF Vee, 60 
f < 100 kHz 
Unselected Channels: 
Channel Separation cS Vin= 1MV,p, 50 dB 
1 MHz <f < 200 MHz 
er 100 mV,, on pins, 
Rejection of SCLK and SDIO 1 MHz <f < 100 MHz 40 dB 
Output Offset Voltage Vos - 50 mV 
Common Mode Output Voltage Voom 2.0 V 
Common Mode Output Voltage 
Difference AVocm Voom (READ) - Vocw (WRITE) TBD 
Reader Head Resistance Rue 25 55 80 
Single-Ended Output Resistance Rseo 25 
Output Current lo 4 mA 
Total Harmonic Distortion THD 0.5 % 
Reader Head Potential, Selected Wis Any point to GND 500 500 mV 
Head 
Reader Head Potential, 
Unselected Head Veer as : 
Reaner Differential Voltage 700 mV 
(Ime" Rue) 
ae Bias Current Settling —_ Iya = 4 MA, Ryp= 1002. TBD nS 
ime 
Reader Bias Current Overshoot 2.5 % 
TA Detection Response Time TA occurred to FLT active 20 40 nS 
Group Delay Variation (20 - 3 dB cutoff) MHz TBD nS 
MR Measurement Accuracy 4 % 
Temperature Measurement 0 
2 Cc 
Accuracy 
BHV Accuracy 5 % 
BHV Gain 4.75 5 5.25 VV 
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WRITE CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: ly = 50mA b-p, L4= 70nH, Ry = 10Q, fpat, = SMHZz, 
0°<T <125°C. 


uv 
m = PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
= a 
o Write Current Range lw 15 65 mA 
Write Current Tolerance Alw 15 <ly<65mA -8 8 % 
Write Servo Current Tolerance -10 10 % 
Differential Head 
Voltage Swing Vou Open Head 6 Vee 
Unselected Head | { en 
Transition Current us pe 
Differential Output Capacitance Co 6 pF 
Write Data Frequency for Safe 
Condition foata FLT low 1 MHz 
ails Pala Precentey on roult foata Minimum bit transition time 7 nS 
Inhibit 
; : . lw = 50 mA b-p, 
Write Current Settling Time twser Head model provided TBD ns 
Write Data Input Terminal Resis- Voltage mode write data input 
Wai 150 Q 
tor only 
lw = 50 mA b-p, 
Write Current Overshoot Woov Head model provided TBD % 
WCP0=0, WCP1=0, WCP2=0 


1-146 VTC Inc., 2800 East Old Shakopee Road, Bloomington, MN 55425, 612-853-5100 


SZ 
eeant2 VM5432 © 


SWITCHING CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS p 
= 
R/WN to Write Mode trw To 90% of write envelope 30 50 nS = = 
oc 
To 90% of data envelope, 300 ne e 
R/WN to Read Mode twr DC Offset Level within 30 mV 
To 10% of ly envelope 50 nS 
Idle to Read Mode t To 90% of envelope, 5 Ss 
(SCLK 16th rising edge) IR DC Offset Level within 30 mV H 
To 90% of envelope, 
DC Offset Level within 30 mV, 1 rhs) 
TBD - Fixed Iyp- 
HS0-HS2 to Any Head tae To 90% of envelope, 
(SCLK 16th rising edge) DC Offset Level within 30 mV, 
Head Voltage Change not to 3 rhs) 
exceed 150 to 400 mV, Variable 
ln 
Idle (16th rising edge) to To 10% of read envelope or write 
trl 50 ns 
Unselect current 
Safe to Unsafe ! toy 50% WDX to 50% FLT 1.5 uS 
Unsafe to Safe ! tpo 50% WDX to 50% FLT 100 ns 
Head Current t From 50% points, 5 ns 
Propagation Delay ' D8 Ly=0, Ry=132. 
Write Data has 50% duty cycle & 
Asymmetry Asym 0.5nS rise/fall time, L4=0, 100 ps 
Ry=TBD 
10% - 90%, ly = 50 mA b-p, 
Lu=70nH, Ry=109. 200 ABB ps 
Rise/Fall Time t, / ts 
Head model provided, lw = 50 
mA b-p, Ly=OnH, Ry=02. TBD ie 
Read to Servo Write From 50%R/WN to 90% lw 50 nS 
Read to Servo Write 
Head Turn-on Variation TBD ns 
: To 90% envelope, DC offset level 
Servo Write to Read to within 20mV 1 rhs) 
SemvG: Wile Game From 50% R/WN to 10% hy TBD nS 
Turn-off Time 
1. See Figure 51 for the write mode timing diagram. 
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ES FLT 
o <2! toe 
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HWnxX - HWnY XY 7 a a 
(lw) 


In voltage mode: When WDX > WDY current will flow from HWnX to HWnY. 
When WDY > WDX current will flow from HWnY to HWnX. 

In current mode: When sinking current from WDY current will flow from HWnX to HWnY. 
When sinking current from WDX current will flow from HWnY to HWnX. 


Figure 51 Write Mode Timing Diagram * 


VM5432 PACKAGING 


4-CHANNEL CONNECTION DIAGRAM 


2058 NAGZ 
eRe SSSsS i oo 
SOE E Las 
48474645 44434241 40393837 
vec ear1 36 (=r ~NC 
GND corr 72 35 = tr NC 
sDIO Cer 3 34 [tr NC 
SCLK [tr 4 33 [tr NC 
SENA Cos 32-14 NC 
RWN comjé6 =9 VM543204TQFP (31-1 NE 
WDX Cr 7 30 (=r ~NC 
WDY ci177478 29 tr ~NC 
BIASN [1-19 28 f[=tr) NC 
FLT/DBHV/ABHV —1——1] 10 27 Ir NC 
RDP oor 11 26 Fr NC 
RDN C1rr7 12 295 1 NC 


131415161718192021222324 


4-Channel 
48-lead TQFP 
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ADVANCE INFORMATION 


VM5435 


PROGRAMMABLE, DUAL SUPPLY, 
GIANT MAGNETO-RESISTIVE HEAD, 
READ/WRITE PREAMPLIFIER 

with SERVO WRITE 


990812 August 12, 1999 
FEATURES BLOCK DIAGRAM 
* General GND VEE Vcc GNDA VEEA  VCCA 
- Transfer Rates in Excess of 600 Mbits/sec O O——O O O O 
- Designed for Use With Four-Terminal Recording Heads 
- 3-Line Serial Interface 
- Die Temperature Monitor Capability ne » oy eee 
- Operates from +5 and -5 Volt Power Supplies 
- Upto 8 Channels Available nine 2 ee oe 
- Fault Detect Capability Saree a sa 
- Servo Write Capability z | 0 
; STWN CG) ge -o 
¢ High Performance Reader eb a 
- Voltage Sense Configuration |__D awex 
- Voltage/Current Bias Selectable sec d_ Reader Bias Current/Voltage L__J awev 
- Reader Bias Current/Voltage 6-bit DAC, 2 - 10 mA Range 
- Programmable Read Voltage Gain woe write Current a aie 
(112 V/V to 316 V/V Typical) FE Oa [eee 
- Input Noise Voltage = 0.55 nV/VHz Typical Contra! 4 
- Input Noise Current = 8 pA/VHz Typical 
- Input Capacitance = 2 pF Typical RMN (4 Thermal Asperity y 
- Bandwidths in Excess of 350 MHz peleenonlutesiols Fault |) FLT 
* High Speed Writer A 
- Write Current 5-bit DAC, 10 - 50 mA Range Head'Select 
- Rise Time = 500 ps Typical Bent OF 
(10-90%, Lyeap = 40 nH, Z) = 50Q, lw = 50 mA) Safa Gorillas 


DESCRIPTION 

The VM5435 is an integrated BICMOS programmable 
read/write preamplifier designed for use in high-performance 
hard disk drive applications using 4-terminal recording heads. 
The VM5435 contains a thin-film head writer, a giant 
magneto-resistive (GMR) reader, and associated control and 
fault circuitry. 

Programmability of the VM5435 is achieved through a 3-line 
serial interface that is 3.3V TTL/CMOS compatible. 
Programmable parameters include reader bias current/voltage, 
write current, gain, head selection and response, thermal 
asperity detection threshold, and fault modes. 

Fault protection circuitry disables the write current generator 
upon critical fault detection. This protects the disk from potential 
data loss. For added data protection internal resistors are 
connected to I/O lines to prevent accidental writing due to an 
open line and to ensure power-up in a non-writing condition. 

The VM5435 operates from +5V, -5V power supplies. Low 
power dissipation is achieved through the use of high-speed 
BiCMOS processing and innovative circuit design techniques. 
When deselected, the device enters an standby mode which 
reduces the power dissipation. 

The VM5435 is available in 4 or 8-channel bump die form for 
chip-on-flex applications, and in 4, 6 or 8-channel packages. 
Please consult VTC for details. 
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HROP (}—— ‘ RDP 
HRON (} RDN 
HRiP QJ le 
HR1N CQ——J 
o BIASN/ 
o 8 -——O FAST 
o— 
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HR6P (}——J ~< 
HR6N (}—— Controller 
HR7P 
io 
ABSOLUTE MAXIMUM RATINGS 
Power Supply: 
NV 6) waiisveisutosieen mcmama nohneainatisaaesduartedentgoaedkansiadentes -0.3V to +6V 
M Ee: sind Sten lties crane cuem enneetnietean ans uny ona deuinesenisenpag +0.3V to -6V 
Read Bias: 
Current, Iy_, in Voltage Bias mode ............ceceeeeeeeee neers 17mA 


Input Voltages: 
Digital Input Voltage, Vin 
Head Port Voltage, V, 


pete -0.3V to (Veg + 0.3)V 
eee eee -0.3V to (Vgg + 0.3)V 


Junction Temperature, Ty 10.0... cece cee eee eeee ects eee eee 150°C 
Storage Temperature, Taig ..-..ccccceceeeessseeeeseeeeeees -65° to 150°C 
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RECOMMENDED OPERATING CONDITIONS Table 66 Mode Selects 
Power Supply Voltage: MODE MODEO | MODE1 | STWHD| STWN| A171 | A2 
Voc eee eee ee ee ee eee eee ee errr +5V+ 10% 9:<DO0> 9:<D1> 0:<D7> 
LY aren ve rer ar ea re ne ee na PC -5V+5% 
Write Current, ly ..-csscecccsessececsessessestssessessesceseeseseees 10-50 mA Seta s 2 ° as 
Write Head Inductance, Ly .....ccccccseeesseesseseeeeseeesereeees 25 nH Sleep 0 0 0 1 0 | 0 
Write Head Resistance, Ry ...........:.:::eeeeeeeeeeeeeeeeeeee ees 5-15Q Sleep 0 0 1 0 0 0 
Read Bias: 
Current, lyyq ssessesecsessessessesecsessesecsessessesseseeseseeeees 2-10mA deer is : , : ones 
Voltage, Vijg v-seseceseesceseessessesssereesseeseseensevesers 100-500mv__——‘ {Active R/W| OO 1 0 0 0 |) 0 
Read Head Inductance, Lyp .......::.:eceeeeeeeeeeeeeeeeeeeeeeeeeeees 10 nH Active R/W 0 1 0 1 0 0 
Read Head Resistance, Ryp........-..- 25 - 80 Q (Imr*Rmr<700mV) F 
Junction Temperature, Ty ...........::eceeeeeeeeeeeeee eee 0°C to 125°C nae a f ; , is u a 
Active R/W 0 1 1 1 0 0 
Standby 1 0 0 0 0 0 
GENERAL DESCRIPTION Standby 1 0 0 1 0 0 
1 1 
Serial Interface Controller Standby a : 
The VM5435 uses a 3-line read/write serial interface for control Standby 1 0 1 1 0 0 
of most chip functions including head selection, reader bias Test R/W ! 1 1 0 0 0 0 
current/voltage magnitude and write current magnitude. Test R/W | 1 1 0 1 re a) 
See SERIAL PORT on page 153 for protocol descriptions, bit | 
descriptions and timing information. ion : : ! is u . 
Test R/W ' 1 1 1 1 0 | 0 
OPERATING MODES Standby 0 0 0 0 1 1 
Table 66 briefly defines the register selects and pin states Standby 0 0 0 1 1 1 
required to enter a specific operating mode. See the mode Standb 0 0 j 0 j j 
descriptions below and the Serial Register Data Bit Descriptions y 
on page 156 for more detailed information. Standby 0 0 1 1 1 1 
Note: At initial power-up, both the DMY/RSTN pin and the STW 2 0 { 0 0 1 { 
DUMMYN bit (1:<D5>) must be set to enable the preamp 1 Head 
an active mode. The DMY/RSTN pin is pulled high in Standby 0 i 0 1 1 1 
package versions and pulled low in die versions of this Stw2 
device. 
4 Heads Q : : ” ? , 
Standby 0 1 1 1 1 1 
Standby 1 0 0 0 1 1 
Standby 1 0 0 1 1 1 
Standby 1 0 1 0 1 1 
Standby 1 0 1 1 1 1 
STW? 
2 Heads ! : 3 
Standby 1 1 0 1 1 1 
STW? 
All Heads : : : 0 | ; 
Standby 1 1 1 1 1 1 
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. Entire read path is on during test write. 
. All preamps selected with Multiple Device Select inactive during servo write: 
See Notes 2 and 5 on page 156 regarding STW to a single head. 
See Notes 3 and 5 on page 156 regarding STW to two heads. 
See Notes 4 and 5 on page 156 regarding STW to four heads. 
See Note 5 on page 156 regarding STW to all heads. 
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Test Modes 
Test modes allows the user to calculate the read head 
resistance or to monitor the die temperature. 


Read Head Resistance 

The resistance of the MR head can be measured and digitally 
converted. 

To perform the digital conversion of the read head resistance: 

1) Place device in Read Mode (see Table 70). 

2) Set the RMR/TEMP bit (9:<D5>) low to enter the MR 
resistance measurement mode. 

3) Set DIGON bit (9:<D4>) high and wait 50us for the 
preamp to convert the resistance. (DIGON automatically 
resets low when the conversion is complete.) 

4) The resistance is stored in DSTRO-6 as a 7-bit word ina 
direct binary format. For example, if 8:<D6-D0> = 
0100000 the MR head resistance is 32 Ohms. 

Note: MR bias current is always enabled in this mode 
(Range = 0 Ohms to 127 Ohms). 
Die Temperature Monitoring 
The die temperature range is 0°C to 150°C. To measure the 
die temperature: 

1) Set RMR/TEMP (9:<D5>) high to enable the die 
temperature. 

2) Set DIGON bit (9:<D4>) high and wait 50us for the 
preamp to convert the temperature. (DIGON 
automatically resets low when the conversion is 
complete.) 

3) The die temperature is stored in DSTRO-6 as a 7-bit 
word in a binary format using the formula below. For 
example, if 8:<D6-D0> = 0100000 the die temperature is 
38°C (32°C x 1.18). 


T = 1.18k 
where k = 0 - 127 and T is degrees Centigrade 


(eq. 28) 


Sleep Mode 

In the sleep mode power consumption is minimized by 
inactivating all circuits, except the serial interface. The internal 
write current generator, write current source and read bias 
current/voltage source are deactivated while the RDN and RDP 
outputs switch to a high impedance state. In sleep mode the fault 
indicator is not active, and the serial register contents and reader 
output mode are set to default values. 

Sleep mode is selected by setting Mode 0 and Mode 1 to 00 
(9:<D1-D0>), see Tables 66 and 70. 

Note:Always transition from Sleep to Standby mode 10 us 
before entering an active mode. 


Standby Mode 

In the standby mode, power dissipation is reduced. The 
internal write current generator, write current source and read 
bias current/voltage source are deactivated while the RDN and 
RDP outputs switch to a high impedance state. The fault 
indicator is not active in standby mode. 

Standby mode is selected by setting Mode 0 and Mode 1 to 01 
(9:<D1-D0>), see Tables 66 and 70. 


Read Mode 

In the read mode, the circuit operates as a low noise 
differential amplifier that senses resistance changes in the 
reader element which correspond to flux changes on the disk. 
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Read mode is selected by setting Mode 0 and Mode 1 to 10 
(9:<D1-D0>), see Tables 66 and 70. 

In the read mode the bias generator, the input multiplexer, the 
read preamp and the read fault detection circuitry are active. 

The VM5435 uses the current-bias/voltage-sensing reader 
architecture. The magnitude of the reader bias current/voltage is 
set to the value programmed in 2:<D2-D7>. The equations 
below govern the read bias current/voltage magnitude: 


Current Mode 

es) 

tie Dee fie 0. 127m. ia 
Voltage Mode 

(eq. 30) 


Var = 100+ (kyyp © 6.35)mV 


kip = 0 to 63 


The reader operates in one of two constant bias modes: 
current or voltage. Current bias (1:<D7> = 0) is the default 
setting. 

In the current bias mode a constant current is applied to the 
MR element. In voltage bias mode a constant voltage is applied 
to the MR element by changing the Iyp. The applied value is 
programmed in 2:<D2-D7>. 

Read head center voltages are controlled in all modes and are 
held near ground potential. This reduces the possibility of 
damaging head-media arcing and minimizes current spikes 
during disk contacts. Selected heads are held within +500mV of 
ground and unselected heads are held at approximately 
-800mV. 


Fault Detection in Read Mode 

In the read mode, a TTL low on the FLT line indicates a fault 
condition. Fault codes, conditions and the modes in which they 
are valid are listed in Table 72. 

Specific fault conditions may be disabled by setting the Fault 
Reporting Mode, 7:<D7-D4> as shown in Table 72. The default 
setting (0000) is to enable all faults. 

Fault codes are cleared on power-up, during a system reset, 
or by writing to Register 9. 

Reader Biasing in Read Mode 

Reader bias to the selected head can be disabled in read 
mode by setting the BFCTL = 0 (1:<D0>) and the BIASN/FAST 
pin high. 

Note: Reader bias must be enabled 5us before reading data. 
Read Gain 

The default gain is 112 V/V with a head resistance of 509. 
Read Gain may be increased in 3dB increments using a 2-digit 
binary code in 2:<D0-D1>. The formula that describes the actual 
gain is shown below: 


475 


lil EO 


[100 + 50(kgarn)] (eq. 31) 


kgain = 9-3 

Fast Mode 

Taking the BIASN/FAST pin low, while BFCTL = 1 (1:<DO>), 
selects the normal read bandwidth for the head specified in LFP 
(3:<D0-D1>). 

Setting the BIASN/FAST pin high selects read bandwidth with 
raised lower corner. The raised lower corner is set to 8 MHz in 
fast mode. 
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Thermal Asperity Detection and Recover 


Detection 

Setting the TAT bit high (5:<D6>) enables thermal asperity 
threshold setting. The TRANGE bit (5:<D7) selects the range, 
(Low or High), for the TA threshold (TAT). 

If a head-to-disk contact occurs, the thermal asperity in the 
read element will result in a fault condition. The range of the 
Voltage Threshold (V7,7) is governed by the following equations 
and is set in 5:<D4-D0>: 


TRANGE = 0 
(eq. 32) 
Vrat = 0.44+ [kpar -0.18]mV 
TRANGE = 1 
(eq. 33) 


Vrar = 3-44 (kp, 0.18]mV 


Vrar represents the TA threshold (input-referred in mVpk). 
krar represents the TA DAC setting (0-31). 


Note that a fault condition resulting from a thermal asperity will 
remain active until the positive or negative hysteresis is <20% of 
the threshold. 

Fast Recovery 

Setting the TA Compensation (TAC) bit high (5:<D5> = 1) 
automatically initiates the Fast Recovery mode if a thermal 
asperity is detected. 

The low frequency corner is raised from a nominal value to 8 
MHz. Raising the low frequency corner removes the low 
frequency component of the asperity event and allows the 
preamp to reach its DC operating point rapidly after a thermal 
asperity occurrence. 

Note: The TA detection circuitry must be enabled in 5:<D6>. 


Write Mode 

In the write mode, the circuit operates as a write current switch, 
driving the thin-film write element of the head. 

Write mode is selected by setting Mode 0 and Mode 1 to 10 
(9:<D1-D0>), see Tables 66 and 70. 

The magnitude of the write current is determined by the write 
current registers (4:<D3-D7>). The following equation governs 
the write current magnitude: 


Iy = 10+ (ky: 1.29)mA (eq. 34) 


lw represents the write current (mA flowing to the selected head). 
kw represents the write current DAC setting (0 to 31). 


The write data (PECL) signals on the WDX and WDY lines 
drive the current switch of the selected head. 
See Figure 56 for the timing diagram. 
Write Current DAC 

Register 4:<D3-D7> represent the binary equivalent of the 
DAC setting (0-31, LSB first). 
Reader Biasing in Write Mode 

Taking the BIASN/FAST pin low in write mode, while BFCTL = 
0 (1:<DO>), enables reader bias current/voltage to the selected 
head. The read circuitry is in its normal “read” state except that 
the outputs are disabled. The common-mode voltage at the 
reader outputs is maintained by other circuitry which 
substantially reduces the write-to-read transition time. 
Note: Reader bias must be enabled 5us before switching to 

read mode from write mode. 
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Write Data Modes 

Setting the WVORI bit low (1:<D1>) initiates the Voltage Write 
mode. Setting the WVORI bit high initiates the Current Write 
mode. 

In voltage write mode the writer switches on PECL input 
voltage levels. In current write mode the writer switching is 
dependent on the amount of current that is sinking from the write 
data inputs. 


Fault Detection in Write Mode 

In the write mode, a TTL high on the FLT line indicates a fault 
condition. Fault codes, conditions and the modes in which they 
are valid are listed in Table 70. 

Specific fault conditions may be disabled by setting the Fault 
Reporting Mode, 7:<D7-D4> as shown in Table 70. The default 
setting (0000) is to enable all faults. 

Fault codes are cleared on power-up, during a system reset, 
or by writing to register 9. 

Write Head Shorted to Read Head Detection 

In the write mode, setting HWSHD = 1 (9:<D7>) checks for a 
write head shorted to a read head. To perform write head short 
detection: 

1) Set HWSHD = 1 (9:<D7>). 

) Place the device in write mode (see Table 66). 
3) Select the desired head. 

) Monitor the FLT line: A TTL high level indicates a fault. 

) Ifa fault condition exists, the contents of the FCODEn 

registers (7:<D0-D3>) indicate the fault present. 
: This mode is for test purposes only. 


Reset/Dummy Mode 
Reset or Dummy mode provides data protection and recovery 
to known register states or protection of register states should an 
error occur. The programmed mode is triggered by setting the 
DMY/RSTN pin low. 
If Reset mode is selected (9:<D2> = 0) and the DMY/RSTN pin 
is set low, the following sequence occurs: 
1) Set all register bits to defaults. 
2) Remove write current. 
3) Place device in sleep mode. 
If Dummy mode is selected (9:<D2> = 1) and the DMY/RSTN 
pin is set low, the following sequence occurs: 
1) Retain all register bits settings. 
2) Maintain write current level. 
3) Select dummy head. 
Note: The DMY/RSTN pin is pulled high in package versions 
and pulled low in die versions of this device. 


Servo Write Mode 

In the servo write mode, all heads may simultaneously write. 
Table 70 indicates how heads can be selected for individual or 
simultaneous writing. 

Setting the MODE bits (9:<D1-D0>) to a non-zero value and 
holding the STWN pin low places the preamp in servo write 
mode (see Table 66). 

Note: It is the customer’s responsibility to make sure the ther- 
mal constraints of the die/flex/package are not exceeded. 
(This could be achieved by lowering the supply voltage, 
reducing the write current or cooling the device.) 
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SERIAL PORT 


Serial Interface 
The VM5435 uses a 3-line read/write serial interface for control of most chip functions including head selection, reader bias 
current/voltage magnitude and write current magnitude. See Tables 68 and 69 for a bit description. 
The serial interface has two input lines, SPC (serial port clock) and SPE (serial port enable), and one bidirectional input/output line 
SPD (serial port data). The SPC line is used as reference for clocking data into and out-of SPD. The SPE line is used to activate the 
SPC and SPD lines and power-up the associated circuitry. When SPE is low only the output D-latches and the reference generators 
remain active. An internal pull-down resistor is connected to SPE to ensure power-up in a non-writing condition and to prevent 
accidental writing due to open lines. 
16-bits constitute a complete data transfer as shown in Figure 52. 
* The first 8-bits <A7-A0> are write-only and consist of: 
- one command bit <A0> (high for read, low for write), 
- two chip select bits <A2-A1> (that select the operating mode of the device, see levels in Table 66), and 
- five register address bits <A7-A3> (A7 is unused at present). 

* The second 8-bits <D7-D0O> consist of data to be written-to or read-from the control registers. 


A data transfer is initiated upon the assertion of the serial enable line (SPE). Data present on the serial data input/output line (SPD) 
will be latched-in on the rising edge of SPC. During a write sequence this will continue for 16 cycles; on the falling edge of SPE, the 
data will be written to the addressed register. 

During a read sequence, SPD will become active on the falling edge of the 9th cycle (delayed to allow the controller to release control 

of SPD). At this time <DO> will be presented and data will continue to be presented on the SPD line on subsequent falling edges of 

SPC. 

Note: Data transfers should only take place in standby or write modes. I/O activity is not recommended in read mode and the reader 
output is disabled during data transfer. 

See Tables 68 and 69 for a bit description. See Table 67, and Figures 53 and 54 for serial interface timing information. 


sPpE {fff — 
SPD 7//)RW{At XA2 Yas a4 YAS YAG XA7 \DO D1 \D2 \D3 \D4 \Ds \D6 \D7 Wz 
Se ES eee a ae Ee et asst a | 


Figure 52 Write Protocol for 3-Write Serial Port Interface 


sPE _ fff | 
SPD 7////Y/RIW\AI YA2 YA YA4 YAS KAG YA7 }(DO \D1 \D2 \D3 \D4 \Ds5 \D6 \D7 }— 
sec LILF LF LEU LEU UY Ural 


Figure 53 Read Protocol for 3-Wire Serial Port Interface 
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Table 67 Serial Interface Parameters 
DESCRIPTION SYMBOL MIN NOM MAX UNITS 
Serial Clock (SPC) rate, write 40 MHz 
SPE to SPC delay Tseee 5 ns 
SPD setup time, write le 5 ns 
SPD delay time, read (setup) Tyas 5 25 ns 
SPD hold time Toh 3.5 nS 
SPC cycle time Te 25 nS 
SPC high time Toxh 10 nS 
SPC low time Tort 10 nS 
SPE hold time Tohia 0 nS 
Time between I/O operations Tg 75 nS 
Time to activate SDIO Tact (after clock) 2.5 8 nS 
Duration of SPE (read) Tra 400 ns 
Duration of SPE (write) Tw 400 ns 
Note: SENA assertion level is high. 
te ! | Tekh ' Toki: 


SPD Rwb Al 


A2 -—-- 


SPD 


SPE 


Figure 55 Serial Port Timing - Tristate Control during Read Operation 
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Serial Registers 
8-bit registers are accessible for read/write operations via the serial interface. Table 68 lists the serial address for each register. Table 
69 lists the data contents of the registers. A description of the individual bits is provided in Table 70. 


o 
ac = 
Table 68 Serial Interface Addressing = ul 
: Register Pream ; e 
Hegisiar®: Address Bits Address Bits 1 nee 
<A7> | <A6>| <A5>| <A4>| <A3> <A2> <A1> <A0> 
0 xX 0 0 0 0 
1 xX 0 0 0 1 
2 xX 0 0 1 0 
3 x 0 0 1 1 
4 X 0 1 0 0 
5 x 0 1 0 1 
6 X 0 1 1 0 
7 X 0 1 1 1 \See Table 66 on page 150 for 0 = write 
8 Xx 1 0 0 0 preamp mode selects. 1 = read 
i] x 1 0 0 1 
10 Not Accessible 
11 x 1 0 1 1 
12 Not Accessible 
13 Not Accessible 
14 Not Accessible 
15 ABE ea es 


1. The address bits <A1 and <A2>, along with register and pin settings, select the operating mode of the device. See Table 66, “Mode 
Selects,” on page 150. 


Table 69 Serial Interface Bit Map 


Function Register meee 
<DO0> <D1> <D2> <D3> <D4> <D5> <D6> <D7> 
Head/Chip Select 0 LSCO LSC1 SELF | SELT HSO HS1 HS2. | STWHD 
Control 1 BFCTL | WVORI 1 2 2 DUMMYN 2 VV 
Reader Bias/Gain 2 GAINO | GAIN1 IMRO IMR1 IMR2 IMR3 IMR4 IMR5 
Bandwidth 3 LFPO LFP1 HFPO HFP1 2 2 2 2 
Writer Bias 4 wcoso | wcosi | WCOS2 |] Iwo Wa Iw2 IW3 Iw4 
Thermal Asperity 5 TATO TATI TAT2 TAT3 TAT4 TAC TAT |TRANGE 
Channel/Vendor ID 6 CHNL | VENDO | VEND1 | VEND2 | VEND3 | REVO | REV1 REV2 
Fault Reporting/Head Testing 7 FCODE0 | FCODE1 | FCODE2|FCODE3| FLTO FLT1 FLT2 | HWSHD 
MR/Temp 8 DSTRO | DSTR1 | DSTR2 | DSTR3 | DSTR4 | DSTRS5 | DSTRE 2 
Operating Modes 9 MODEO | MODE1 |RSTDMY) SIOLVL | DIGON ie 2 2 
Not Accessible 10 2 3 3 3 3 3 3 3 
Undershoot 11 2 2 2 2 2 wcuso | WCUS1 | WCUS2 
Not Accessible 12 3 3 3 3 3 3 3 3 
Not Accessible 13 3 3 3 3 3 3 3 3 
Not Accessible 14 3 3 3 3 3 3 3 3 
Test 15 Trosc | TEST | TEST | TEST | TEST 2 2 2 


1. Reserved 
2. Not accessible via serial register. 
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Table 70 Serial Register Data Bit Descriptions 


Register | Bits Function Symbol Description 
= 0 DO-D1 Logic Select Chip LSCn_| These bits are hardwired low internal to the device. 
Fs See Table 66 on page 150 for preamp addressing selects. 
= 
z a D2 Illegal Multiple Device SELF | 0 = Valid multiple device selection (MDS). 
o 1 = Illegal multiple device selection detected. 


D3 Multiple Device Select SELT | 0 = Multiple device selection (MDS) inactive. 
1 = Multiple device selection active. 


D4-D6 Head Select HSn Binary selection of Head Address HS2 HS1 HSO 
Head Select 0:<D6>|0:<D5>/0:<D4> 
0 0 0 0 
1 0 0 1 
2 0 1 0 
3 0 1 1 
4 1 0 0 
5 1 0 1 
6 1 1 0 
7 1 1 1 
D7 Servo Track Write STWHD | Head(s) to servo track write are selected in HS2 - HSO (0:<D4-D6>): 
Head Select 0 = Servo write one or two heads per preamp. 


1 = Servo write four or more heads per preamp. 
Note: This bit is valid only when the STWN pin is low. Multiple inputs are 
required for this selection: See Table 66 on page 150 and the items 
below for details about the settings. 
2) A1 and A2 both high is not a operational preamplifier configuration, 
except for servo operations (STWN = 0). Setting <A1> and <A2> 
high while STWN is low allows all preamplifiers to be accessed by a 
single serial write operation. Note that serial read operations are 
always limited to a single preamplifier. 
3) Head k is selected via HSn (0:<D4-D6>) when k = 0 to 7. 
4) Heads k and k +1 are selected in write mode. Selecting the last head 
(3 or 7) results in wrapping to include head 0. 
Head k is selected in read mode when k = 0 to 7. 
5) If Heads 0-3 are selected, heads 0-3 (BANKO) are servo written. 
If Heads 4-7 are selected, heads 4-7(BANK1) are servo written. 
6) The selected heads become active when the device switches from 
servo write mode to read mode. 
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Table 70 Serial Register Data Bit Descriptions 
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Register | Bits Function Symbol Description 
1 DO Bias/Fast Control BFCTL | 0 = Reader Bias in Write Mode, depending on BIASN/FAST pin state. 
- BIASN/FAST pin low: Read Head bias current/voltage On. 
- BIASN/FAST pin high: Read Head bias current/voltage Off. 
1 = Fast Response Mode, depending on logic level of BIASN/FAST pin. 
- BIASN/FAST pin low: Normal Response. 
- BIASN/FAST pin high: Fast Response, with lower corner frequency 
raised to 8 MHz. 
Note: Bias current/voltage level is set in 2:<D2-D7>. 
D1 Write Data Control WVORI | 0 = Voltage mode write data inputs selected. 
1 = Current mode write data inputs selected. 
D2-D4 Reserved 
D5 Dummy Head Load DUMMYN| 0 = Dummy resistive load selected. 
1 = Valid head selected according to HSn (0:<D4-D6>). 
D6 Reserved 
D7 Bias Mode IV 0 = Current Biasing. 
1 = Voltage Biasing. 
Note: Bias current/voltage is always on when BFCTL=1. 
FAST is off when BFCTL=0. 
2 DO-D1 Gain Control GAINn | Binary selection of Reader Gain: GAIN1 | GAINO 
Gain Select 2:<D1>| 2:<DO> 
112 VV 0 0 
158 V/V 0 1 
224 VN 1 0 
316 V/V 1 1 
D2-D7 Reader Bias Level IVMRn | Binary selection of Reader Current or Voltage Bias: 
Current: 2 mA (000000) to 10 mA (111111) in 0.127 mA increments. 
Voltage: 100 (000000) to 500 mV (111111) in 6.35 mV increments. 
3 DO-D1 | Low Frequency (-3dB) LFPn Binary selection of Low Frequency Corner in normal 
: LFP1 |LFPO 
Bandwidth read mode only: 
Low Frequency Bandwidth 3:<D1>} 3:<DO> 
1 MHz 0 0 
2 MHz 0 1 
3 MHz 1 0 
4 MHz 1 1 
D2-D3 High Frequency HFPn_| Binary selection of High Frequency Gain Attenuation: | HFP1 | HFPO 
Gain Attenuation High Frequency Gain Attenuation 3:<D3>|3:<D2> 
200 MHz 0 0 
250 MHz 0 1 
300 MHz 1 0 
350 MHz 1 1 
D4-D7 Reserved 
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Table 70 Serial Register Data Bit Descriptions 


990812 


Register | Bits Function Symbol Description 
4 DO-D2 | Write Current Overshoot | WCOSn ra aac of Write Current Overshoot wcos2|wcos1|wcoso 
Write Current Overshoot % 4:<D2>|4:<D1>]|4:<D0O> 
TBD 0 0 0 
TBD 0 0 1 
TBD 0 1 0 
TBD 0 1 1 
TBD 1 0 0 
TBD 1 0 1 
TBD 1 1 0 
TBD 1 1 1 
Note: Write Current Overshoot percentage is specified as a ratio of over, 
shoot to base-to-peak current. 
D3-D7 Write Current IWn Binary selection of Write Current: 
10 mA (00000) to 50 mA (11111) in 1.29 mA increments. 
5 DO-D4 Thermal Asperity TATn | Binary selection of Thermal Asperity Threshold: 
Threshold Low TA Range = 0.4 mV (00000) to 6.0 mV (11111) in increments of 
0.180 mV. 
High TA Range = 3.4 mV (00000) to 9.0 mV (11111) in increments of 
0.180 mV. 
Note: TA Range (low or high) is selected in 5:<D7>. 
D5 Thermal Asperity TAC 0 = No Automatic fast mode TA Compensation selected. 
Compensation 1 = Automatic fast mode TA Compensation selected. 
Note: TA Detection must be enabled in 5:<D6>. 
D6 Detect TAT TAT 0 = Disable TA Threshold Detection. 
1 = Enable TA Threshold Detection. 
D7 | Thermal Asperity Range | TRANGE | 0 = Low TA Range (0.4 mV to 6.0 mV) 
Shift 1 = High TA Range (3.4 mV to 9.0 mV) 
Note: Threshold value is selected in 5:<D0-D4>. 
6 DO Channel Count CHNL_ | Channel Count of Part: 
0 = 4 Channel 
1 = 6 or 8 Channel, dependent on TQFP package labeling (die is 8). 
D1-D4 | Part ID VENDn | Vendor ID: 
VTC = 1001 
D5-D7 | Revision of Part Binary Revision Count: 
Revision 1 (000) to Revision 8 (111). Count restarts at 1after exceeding 
8. 
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Register | Bits Function Symbol Description 
7 DO-D3 Fault Code FCODEn | Binary code of Fault(s) 
See Table 72. 
D4-D6 Fault Mask FLTn Binary selection of Fault Conditions to Disable) FLT2 | LFT1 | FLTO 
Fault Reporting 7:<D6>|7:<D5>|7:<D4> 
Report all faults 0 0 0 
Disable power supply fault 0 0 1 
Disable temperature fault 0 1 0 
Disable Head open or shorted fault 0 1 1 
Disable write frequency low fault 1 0 0 
Disable MR overcurrent fault 1 0 1 
Disable TA fault 1 1 0 
Disable all faults 1 1 1 
D7 Write Head Shorted HWSHD | 0 = Disable detection of a shorted write head test. 
1 = Enable detection of a shorted write head test. 
Note: This is a VTC test. It has no effect or relationship to the Write Head 
Shorted fault code (7:<D0O-D3> = 0111) or its Fault Masking pattern 
(7:<D4-D6> = 011). 

8 DO-D6 Digital Storage DSTRn | Digital storage for the resistance of the reader head or the junction tem- 
perature of the device. See Test Modes on page 151. Measurement is 
selected in 9:<D5>. 

D7 Reserved 
9 DO-D1 Operating Mode MODEn | Binary selection of the Operating Mode for the device: 
Table 66, “Mode Selects,” on page 150 defines the bit selections that 
select a specific mode. 
See the section titled "OPERATING MODES" for a more detailed expla- 
nation of each mode. 
D2 Dummy/Reset DMY/_ | 0 = Selects Reset Mode for DMY/RSTN pin. 
RST - If DMY/RSTN pin is low: Reset Mode sequence is: 
1. Set all register bits to defaults. 
2. Remove write current. 
3. Place device in sleep mode. 
- If DMY/RSTN pin is high: Normal preamp functions available. 
1 = Selects Dummy Mode for DMY/RSTN pin. 
- If DMY/RSTN pin is low: Dummy Mode sequence is: 
1. Retain all register bit settings. 
2. Maintain Write Current level. 
3. Select Dummy Head. 
- If DMY/RSTN pin is high: Normal preamp functions available. 
Note: The DMY/RSTN pin is pulled high in package versions and pulled 
low in die versions of this device. 
D3 Serial I/O Level SERLVL | 0 = Serial I/O readback data voltage will not exceed 3V. 
1 = Serial I/O readback data voltage will not exceed 5V. 
D4 [Internal Digital Conversion) DIGON | 0 = Digital Conversion OFF 
1 = Digital Conversion ON 
Note: DIGON resets to off when conversion is complete 
D5 RMR or Temperature RMR/ | 0 = Digital resistance (Ry_) selected 
TEMP | 1 = Digital junction temperature selected 
D6-D7 Reserved 
10 DO-D7 Not Accessible via Serial Register 
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Table 70 Serial Register Data Bit Descriptions 


Register | Bits Function Symbol Description 
11 DO-D4 Reserved 


D5-D7 |Write Current Undershoot] WCUSn | Binary selection of Write Current Undershoot 
Control 


WCUS2)WCUS1 | WCUSO 


a) 
a) 
fe 
20 
U 
n 


Write Current Undershoot 11:<D7>/11:<D6>|11:<D5> 
None 0 0 0 

TBD 0 

TBD 0 

TBD 0 

1 

1 

1 

1 


TBD 
TBD 
TBD 
TBD 
12 Not Accessible via Serial Register 


0 
1 
1 
0 
0 
1 
1 


=| oo] =| o] =| of = 


13 Not Accessible via Serial Register 


14 Not Accessible via Serial Register 
15 Test 


Table 71 Power-On Reset Register Values 


: . Power-on Reset Value 
Function Register Number <D0-D7> 
Head/Chip Select 0 <0000 0000> 
Control 1 <0000 0000> 
Reader Bias/Gain 2 <0000 0000> 
Bandwidth 3 <0000 0000> 
Writer Bias 4 <0010 0000> 
Thermal Asperity 5 <0000 0000> 
Channel/Vendor ID 6 <cvvv vnnn> | 
Fault Reporting/Head Testing 7 <0000 0000> 
MR/Temp 8 <0000 0000> 
Operating Modes 9 <0000 0700> 
Not Accessible 10 N/A 
Undershoot 11 <0000 0001> 
Not Accessible 12 N/A 
Not Accessible 13 N/A 
Not Accessible 14 N/A 
Test 15 <0000 0000> 


1. Where c = channel count of part, vvw is the assigned vendor identification number and nnn = revision level of device. 
2. The DMY/RSTN pin is pulled high in package versions and pulled low in die versions of this device. 
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Table 72 Fault Conditions and Codes 


1 /2) 
ace Fault Valid Mode(s) Conditions : s 
0000 No Fault Read or Write cr 
0001 Reserved - = 
0010 MR Overcurrent Read 
0011 Thermal Asperity Detected Read 
0100 Read Head Open Read 
0101 Reserved - 
0110 WDI Frequency Low Write Fwo < 2 MHz 
0111 Write Head Open/Shorted to Ground Write 
1000 Reserved - 
1001 Reserved - 
1010 Write to Read Short Write Test Mode 
1011 Low Ve¢ or Low Veg Read or Write Noa , of 7 pl 
1100 Read Head Shorted Across Poles Read 
1101 Illegal Head Select Read or Write Where applicable 
1110 Illegal Multiple Device Select Test 
1111 Overtemperature Read or Write T)> 140°C 
1. Fault codes may be disabled by setting 7:<D4-D6> as described in Table 70. 
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PIN FUNCTION LIST AND DESCRIPTION 


Signal Input/Output Logic Level Default Description 


Bias/Fast Enable: 


1 
Bled on Bias/Fast Control bit (1:<DO>) sets the function of the pin, see Table 70. 


Hiek: paakade Reset/Dummy Select: 
DMY/RSTN 1 ah Parsee Register 9:<D2> selects the pin function. 


lowndle See Table 70 for bit selections. 
Write/Read Fault: 
FLT on A TTL high level indicates a fault in write mode. 
A TTL low level indicates a fault in read mode. 
GND 1 Ground 
HRON-HR7N | Read head connections, negative end. 
HROP-HR7P | Read head connections, positive end. 
HWOX-HW7X O Thin-Film write head connections, positive end. 
HWOY-HW7Y O Thin-Film write head connections, negative end 
a , Read/Write: 
1 
A ! nigh A TTL low level enables write mode. 
Read Data: 
1 
BER Ao ° Differential read signal outputs. 
Serial Clock: 
1 
ne ow Serial port clock; see Figures 52 and 53. 
1 Serial Data: 
oho ue Ow Serial port data; see Figures 52 and 53. 
Serial Enable: 
1 
SEE ow Serial port enable; see Figures 52 and 53. 
. Servo Track Write: 
STMIN nigh A TTL low level enables servo write mode. 
VCC 4 +5.0V supply 
VEE 1 -5.0V supply 
WDX, WDY 11 high Differential Pseudo-ECL write data inputs. 


1. When more than one device is used, these signals can be wire-OR’ed together. 
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TYPICAL CONNECTION DIAGRAM 


Hwnx +5V 2 
Bin i c= 
vec | 4 = 7 
o 
FLT |_,_] a 
HRnP 5kQ 
oJ 
\_] HRnN 
| GND 
+5V 
vcc 
RDX | 
7ON. T Read 
r ° Output 
|_____] VEE RDY | | 


Note: The structure placements in the diagram are not meant to indicate pin/pad locations. The connections shown will apply regard- 
less of pin/pad location variation. 


Application Notes: 


Power supplies have been separated by Read/Write functionality to reduce noise coupling. 


If separate supplies are not available, VTC recommends that the supply lines be connected externally some distance from the 
preamp. 


Data transfers should only take place in standby or write modes. I/O activity is not recommended in read mode and will result in 
reader performance degradation. 


VTC recommends placing decoupling 0.1 uF and 0.01 uF capacitors in parallel between the following pins: 
VCC - GND 


VEE - GND 
VCCA - GNDA 
VEEA - GNDA 


For maximum stability, place the decoupling capacitors as close to the pins/pads as possible. 
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STATIC (DC) CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. Iy_=5 MA, ly = 50 mA. 


3 PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
BS Read Mode 92 TBD 
= 
D Write Mode 93 175 
mA 
Voc Power Supply Current loc Write Mode, Reader Biased 135 TBD 
Standby Mode 15 TBD 
Sleep Mode TBD HA 
Read Mode 38 TBD 
Write Mode 68 150 
mA 
Vee Power Supply Current lee Write Mode, Reader Biased 86 TBD 
Standby Mode 2 TBD 
Sleep Mode 20 TBD HA 
Read Mode 650 TBD 
Write Mode 805 TBD 
Power Supply Dissipation Py Write Mode, Reader Biased 1105 TBD mW 
Standby Mode 85 TBD 
Sleep Mode 2.6 TBD 
Input High Voltage Vin TTL 2.0 Voc 
+0.3 mA 
Input Low Voltage ViL TTL -0.3 0.8 
PECL 120 
Input High Current, V4 = 2.0V NH HA 
TTL 80 
PECL 100 
Input Low Current, V), = 0.5V lie HA 
TTL -160 
Output High Current lon FLT: Voy = 5.0V 50 HA 
Output High Voltage Vou TTL, Io4=TBD 2.40 Voc V 
Output Low Voltage Voi TTL, lop= 4mA 0.6 V 
Voc Fault Threshold VotH Hysteresis = 100mV +10% 3.6 3.8 4.0 Vv 
Vee Fault Threshold VeTH Hysteresis = 100mV +10% -4.0 -3.8 -3.6 V 
PECL! 1.9 Voc V 
High Level WDATA 
Current Mode (sink) 0 100 250 HA 
PECL! 1.5 Vin - 0.4 V 
Low Level WDATA 
Current Mode (sink) 1.2 1.6 2 mA 
WDATA PECL swing Voltage mode differential ' 0.4 0.750 Vop 
Voltage compliance for WDATA CMM of inputs when in current mode Voc -2.3 V 
1. Differential Vpp swing from 0.4V to 1.5V and the common mode should be such that for any of the two states the maximum high < VCC, and the minimum low > 3V. 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iy_= 5MA, Lyra = 30NH, Ry, = 50Q. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Reader Head Current Range lve 2 10 mA 
Reader Head Current Tolerance 2MA < Iya < 10 mA, -5 +5 % 
Reader Head Voltage Range Vur 100 500 mV 
Reader Head Voltage Tolerance 100 mV < Vu; < 500 mV, -5 +5 % 
Unselected Reader Head Current 100 HA 
VIN = 1mVpp @ 20MHz, 
Ruitt = TBD, 1 12 
Differential Voltage Gain Ay Gain Bits = 00 VIV 
Gain Bits = 11 316 
-1dB TBD TBD TBD 
Passband Upper Frequency Limit fur 
No Boost, -3dB, BW = 11 350 TBD 
-1dB TBD TBD TBD 
Passband Lower Frequency Limit fir 
-3dB, normal mode, LFP = 00 TBD 1 TBD MHz 
Input Noise Voltage Cn 1 MHz <f < 100 MHz 0.55 ie 
Iva = 8 mA, = 
Input Noise Bias Current in Noise independent of Ima 8 pe 
1 MHz <f < 100 MHz 
1 MHz <f < 10 MHz TBD dB 
Noise Peaking 
10 MHz < f < 200 MHz TBD dB 
Differential Inout Capacitance Cin TBD 2 4 pF 
Differential Inout Resistance Rin 420 Q 
AC input V where A, falls to 90% 
Dynamic Range DR of its value at Viy = TBD @ f = 20 6 MV pp 
MHz 
Vom = TBD mVpp, 40 
é tsa 10 MHz <f < 200 MHz 
ommon Mode 
Rejection CME 1 MHz <f < 10 MHz 40 de 
f < 100 kHz 60 
100mV,, on VCC or VEE, 40 
10 MHz < f < 200 MHz 
Power Supply 100mV,, on VCC or VEE, 
Rejection Pane 1 MHz <f < 10 MHz sa dB 
100mV,, on VCC or VEE, 60 
f < 100 kHz 
Unselected Channels: 
Channel Separation CS Vin= 1MVpp, 50 dB 
1 MHz <f < 200 MHz 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iy_ = 5mMA, Lyra = 30NH, Ryr = 50Q. 


= PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 

g EM | Rejection of SCLK and SDIO ee ae 40 dB 

: Output Offset Voltage Vos - 50 mV 
Common Mode Output Voltage Voom 2 V 
sa Culpur voltage AVoom | Voom (READ) - Voc (WRITE) 200 mV 
Reader Head Resistance Rue 25 55 80 
Single-Ended Output Resistance Rseo 25 
Output Current lo 4 mA 
Total Harmonic Distortion THD 0.5 % 
era Head Potential, Selected Voir Any point to GND 500 500 mV 
dieting Potential, Unse- Vue 0.9 Vv 
oo Voltage 700 an 
Reader Bias Current Overshoot 2.5 % 
TA Detection Response Time TA occurred to FLT active 20 40 ns 
Group Delay Variation (20 - 3 dB cutoff) MHz TBD ns 
MR Measurement Accuracy 4 % 
Temperature Measurement re) 
Accuracy e 
BHV Gain 4.75 5 5.25 VIV 
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WRITE CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: ly = 50mA b-p, L4= 70nH, Ry = 10Q, fpat, = SMHZz, 
0°<T <125°C. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 

Write Current Range lw 10 50 mA 
Write Current Tolerance Alw 10 <ly<50mA -8 8 % 
Write Servo Current Tolerance -10 +10 % 
Differential Head 
Voltage Swing Vox Open Head 6 Vee 
Differential Output Capacitance Co 6 pF 
Write Data Frequency for Safe 
eaten a foata | FLT low 1 MHz 
oe Ereaueney torr ult foata Minimum bit transition time 7 ns 

‘ : ; lw = 50 mA b-p, 
Write Current Settling Time twser Head model provided TBD ns 
ha Data Input Terminal Resis- Wars oe mode 120 ° 

p active 
lw = 50 mA b-p, 

Write Current Overshoot Woov Head model provided TBD % 


WCP0=0, WCP1=0, WCP2=0 
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SWITCHING CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 


3 PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
m 
z 7 R/WN to Write Mode trw To 90% of write envelope 30 50 ns 
U0 
” To 90% of data envelope 175 ns 
R/WN to Read Mode twr 
To 10% of ly envelope 50 ns 
Standby to Read Mode t To 90% of envelope, 5 é 
(SCLK 16th rising edge) IR DC Offset Level within 10 mV H 
To 90% of envelope, 
DC Offset Level within 10 mV, 1 us 
TBD - Fixed Iyp- 
HSO0-HS2 to Any Head 3 
eS tus To 90% of envelope, 
(SCLK 16th rising edge) DC Offset Level within 10 mV, 
Head Voltage Change not to 1 us 
exceed 150 to 400 mV, Variable 
ln 
Standby (16th rising edge) to To 10% of read envelope or write 
trl 50 ns 
Unselect current 
Safe to Unsafe ! toy 50% WDX to 50% FLT 1.5 us 
Unsafe to Safe ! tp2 50% WDX to 50% FLT 100 ns 
Head Current t From 50% points, 5 ie 
Propagation Delay ' D3 Ly=0, Ry=132. 
Write Data has 50% duty cycle & 
Asymmetry Asym 0.5ns rise/fall time, L,y=0, 100 ps 
Ry=TBD 
10% - 90%, ly = 50 mA b-p, 
Lu=40nH, Ry=109. a0 ps 
Rise/Fall Time t, / ts 
Head model provided, lw = 50 
mA b-p, Ly=OnH, Ry=0. Tee " 
Read to Servo Write From 50%R/WN to 90% lw TBD 50 ns 
Read to Servo Write 
Head Turn-on Variation TBD nS 
: To 90% envelope, DC offset level 
Servo Write to Read to within 20mV 1 us 
seme ite Cument From 50% R/WN to 10% hy TBD ns 
Turn-off Time 
aes Bias Current Settling ec lye = 4 mA TBD mi 


= 


. See Figure 56 for the write mode timing diagram. 
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wox-woyY | \  / \ / \ a a 
- to1 ie 
FLT lhe. a, F 
P| rae 
D3 
HWnxX - HWnY \. 7 a a 
(lw) 


In voltage mode: When WDX > WDY current will flow from HWnX to HWnY. 
When WDY > WDX current will flow from HWnY to HWnX. 

In current mode: When sinking current from WDY current will flow from HWnX to HWnY. 
When sinking current from WDX current will flow from HWnY to HWnX. 


Figure 56 Write Mode Timing Diagram * 
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PACKAGING 


VM5435 


vu 
i 
z = 4-CHANNEL CONNECTION DIAGRAM 
U0 
77) 
Fs 
E 
© 
SeXazz0ax> 
Soo an 
oSSS22EF2200 
20 2 te ee 
4847 464544434241 40393837 
BIASN/FAST ([11—)1 oti Ne 
SPD 2 35 (-1T 7 NC 
286 eee 34 [-1T7 NC 
SPE C1r—}4 = ae 
FLT 5 32 [-1T 7 NC 
WDX C1116 3 ae he 
WDY C11_)7 oo by ee 
R/WN C118 7 
et i 28 177 NC 
fl Co 10 27 7 NC 
GND COM 11 6 ay Ne 
vec [1-412 fe NG 


131415161718192021 222324 


4-Channel 
48-lead TQFP 


6-CHANNEL CONNECTION DIAGRAM 


BIASN/FAST (14 1 36 F114 HRSP 
sPD cor 2 35 [-TT7 HRS5N 
spc —3 34 [=71 ~-HR4N 
SPE Co /4 33 [11> ~HRAP 
FLT Co15 32 1r ~HW4Xx 
Wox Co_J6 31 071 ~HW4Y 
WDY C11_|7 30 [_TT7 NC 
R/WN CIT 8 29 Fr NC 
RDN C19 28 Ft NC 
RDP I~ 10 27 [77 _ NG 
GND [O11 26 | -U— NC 
vec (II 12 25 | NC 


131415161718192021 222324 


6-Channel 
48-lead TQFP 
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8-CHANNEL CONNECTION DIAGRAM 


BIASN/FAST 
SPD 
SPC 
SPE 
FLT 
WDX 
WDY 
R/WN 
RDN 
RDP 
GND 
voc 


OCONONRWONMA 


131415161718192021 222324 


8-Channel 
48-lead TQFP 


fa irs Ges Gee ies lee Giga eit ons ils Bia Dba 0 


RSP 
RSN 
R4N 
R4P 
W4xX 
W4Y 
W3Y 
W3X 
R3P 
R3N 
R2N 
R2P 
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DIE PAD ORIENTATION 


z 
m 
= 
25 
0 
un 
HW1Y HW2Y 
HW 1X HW2x 
HR1P HR2P 
HR1N HR2N 
HRON HRSN 
HROP HR3P 
VM543504 
RIHOX BUMPS DOWN HWOx 
HWOoY HW3Y 
FUSE4 
VCC 
FUSE3 
STWN VCC 
FUSE2 
VEE VCC 
Ww OO O@2aen 20 32> XX > F< ¥ OF F SBS FT 
wu © © 229040042 aan 255) © YW Ww 
>> F656 ef 5F6FESESPH GREE SS 
rT zm = LL rs 
A” Ss 
<0 
a 


1) Provide adequate space (>22 mil pad pitch) between adjacent pads for running a ground trace from under die to E-block 
ground. 


2) Landing pads on flex are required for these pads, but power or ground should not be routed to these pads. 
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aasenehb 55 FF S$ F€HZE BS 
jam co ao ce oc aoe jam 

ePTFE EE FEE 
HW1Y |_| Hwey 
HW1X [|_| Hwe6x 
HRI1P (| HR6P 

VM543508B XA1 = 
onan BUMPS DOWN L) Bee 
HRON [_] HR7N 
HROP [_] HR7P 
HWox [] HW7x 
HWOY [_] Hw7y 

VCC 

STWN VCC 

VEE VCC 

OOUOUOOUODOOOOUOOUOUUo 
aa a >x 2x 0% & 2G 
Ww Oo 6 226 4 @ 606%5%6hCUmGOO Oo 2f 8 @B 
oe Pe Oe Oo ft Oe es 2 Fa ooo be fF 

Z a & 

<4 
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FUSE4 
FUSE3 


FUSE2 


& 


/ 


w 
= 
oc 
= 
=u 
oc 
o. 


1) Provide adequate space (>22 mil pad pitch) between adjacent pads for running a ground trace from under die to E-block 


ground. 


2) Landing pads on flex are required for these pads, but power or ground should not be routed to these pads. 
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4-CHANNEL PAD COORDINATES 


= 
e] 


Specific Characteristics 
Die size: TBD x TBD Mils 
Pad Coordinates for the VM5435 (in Mils) are “oump down.” 


Pin Name X Axis Y Axis Pad Size Pin Name X Axis Y Axis Pad Size 
BIASN/FAST 47.736 -71.539 4x4 VCC -64.634 -71.539 4x4 
DMY/RSTN 55.736 -71.539 4x4 VEE -72.638 -63.142 4x4 
FLT 15.366 -71.539 4x4 VEE -72.638 -71.539 4x4 
FUSEO 63.831 -71.539 4x4oct WDX 7.366 -71.539 4x4 
FUSE1 72.638 -71.539 4x4oct WDY -0.634 -71.539 4x4 
FUSE2 72.638 -60.134 4x4oct 
FUSE3 72.638 -51.449 4x4oct 
FUSE4 72.638 -42.654 4x4oct 
GND -16.634 -71.539 4x4 
GND -40.634 -71.539 4x4 
GND -48.634 -71.539 4x4 
HRON -57.520 3.346 4x4 
HROP -57.520 -4.654 4x4 
HR1iN -57.520 11.346 4x4 
HR1P -57.520 19.346 4x4 
HR2N 57.520 11.346 4x4 
HR2P 57.520 19.346 4x4 
HR3N 57.520 3.346 4x4 
HR3P 57.520 -4.654 4x4 
HWO0X -57.520 -12.654 4x4 
HWOY -57.520 -20.654 4x4 
HW1X -57.520 27.346 4x4 
HW1Y -57.520 35.346 4x4 
HW2xX 57.520 27.346 4x4 
HW2Y 57.520 35.346 4x4 
HW3X 57.520 -12.654 4x4 
HW3Y 57.520 -20.654 4x4 
R/WN -8.634 -71.539 4x4 
RDN -24.634 -71.539 4x4 
RDP -32.634 -71.539 4x4 
SPC 31.366 -71.539 4x4 
SPD 39.366 -71.539 4x4 
SPE 23.366 -71.539 4x4 
STWN -72.638 -55.142 4x4 
VCC 63.661 -55.539 4x4 
VCC 63.661 -46.874 4x4 
VCC 63.661 -63.539 4x4 
VCC -56.634 -71.539 4x4 
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8-CHANNEL PAD COORDINATES 
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Specific Characteristics 
Die size: TBD x TBD Mils 
Pad Coordinates for the VM5435 (in Mils) are “oump down.” 


Pin Name X Axis Y Axis Pad Size Pin Name X Axis Y Axis Pad Size 
BIASN/FAST 47.736 -71.539 4x4 HW5Y 60.000 57.630 4x4 
DMY/RSTN 55.736 -71.539 4x4 HW6X 57.520 27.346 4x4 
FLT 15.366 -71.539 4x4 HW6Y 57.520 35.346 4x4 
FUSEO 63.831 -71.539 4x4oct HW7X 57.520 -12.654 4x4 
FUSE1 72.638 -71.539 4x4oct HW7Y 57.520 -20.654 4x4 
FUSE2 72.638 -60.134 4x4oct R/WN -8.634 -71.539 4x4 
FUSE3 72.638 -51.449 4x4oct RDN -24.634 -71.539 4x4 
FUSE4 72.638 -42.654 4x4oct RDP -32.634 -71.539 4x4 
GND -16.634 -71.539 4x4 SPC 31.366 -71.539 4x4 
GND -40.634 -71.539 4x4 SPD 39.366 -71.539 4x4 
GND -48.634 -71.539 4x4 SPE 23.366 -71.539 4x4 
HRON -57.520 3.346 4x4 STWN -72.638 -55.142 4x4 
HROP -57.520 -4.654 4x4 VCC 63.661 -55.539 4x4 
HR1iN -57.520 11.346 4x4 VCC 63.661 -46.874 4x4 
HR1P -57.520 19.346 4x4 VCC 63.661 -63.539 4x4 
HR2N -36.000 57.630 4x4 VCC -56.634 -71.539 4x4 
HR2P -44.000 57.630 4x4 VCC -64.634 -71.539 4x4 
HR3N -28.000 57.630 4x4 VEE -72.638 -63.142 4x4 
HR3P -20.000 57.630 4x4 VEE -72.638 -71.539 4x4 
HR4N 28.000 57.630 4x4 WDX 7.366 -71.539 4x4 
HR4P 20.000 57.630 4x4 WDY -0.634 -71.539 4x4 
HR5N 36.000 57.630 4x4 
HR5P 44.000 57.630 4x4 
HR6N 57.520 11.346 4x4 
HR6P 57.520 19.346 4x4 
HR7N 57.520 3.346 4x4 
HR7P 57.520 -4.654 4x4 
HWOX -57.520 -12.654 4x4 
HWOY -57.520 -20.654 4x4 
HW1X -57.520 27.346 4x4 
HW1Y -57.520 35.346 4x4 
HW2xX -52.000 57.630 4x4 
HW2Y -60.000 57.630 4x4 
HW3X -12.000 57.630 4x4 
HW3Y -4.000 57.630 4x4 
HW4X 12.000 57.630 4x4 
HW4Y 4.000 57.630 4x4 
HW5X 52.000 57.630 4x4 
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VM546012 


PROGRAMMABLE, DUAL SUPPLY, 
GIANT MAGNETO-RESISTIVE HEAD, 


READ/WRITE PREAMPLIFIER 


990812 ADVANCE INFORMATION August 12, 1999 
FEATURES BLOCK DIAGRAM 
* General GND VEE vcc  VDDM 
- Transfer Rates in Excess of 500 Mbits/sec O O O O 
- Designed for Use With Four-Terminal GMR Heads 
- 3-Line Serial Interface 
- Die Temperature Monitor Capability ee » ry eee 
- Operates from +5 and -5 Volt Power Supplies 
- 12 Channels Available - =. > own 
- Fault Detect Capability Source a saa 
- Servo Bank Write Capability z | 0 
- Provides for Addressing of Multiple Preamplifiers z ro 
. High Performance Reader Py rm 
Current or Voltage Bias / Voltage Sense Configuration Reader Bias Current/voltage |__ J awioy 
- Reader Bias Current/Voltage 6-bit DAC, 2 -10 mA Range SCLK 
- Programmable Read Voltage Gain sDIO Write Current PP aRtx 
(100 V/V to 250 V/V Typical) Mog PO ARTY 
- Input Noise Voltage = 0.55 nV/VHz Typical Contra! 4 
- Input Noise Current = 8 pA/VHz Typical \ = 
- Input Capacitance = TBD pF Typical Thermal Asperity 
- piereminebie Paadwidihcte 360 MHz Typical ee) Detection: Thresncld Fault a ag 
* High Speed Writer A 
- Write Current 5-bit DAC, 15 - 65 mA Range cso b Pead'gelect 
- Rise Time 500 pS Typical osi & 
(10-90%, ly = 50 MA, Licta = 70 NH, R = 10Q) eau mcaccie 
DESCRIPTION | 
The VM546012 is an integrated BiCMOS programmable nes a 
read/write preamplifier designed for use in high-performance oF SS » 3 
hard disk drive applications using 4-terminal recording heads. BRON oe 
The VM546012 contains a thin-film head writer, a giant HRIP | i 
magneto-resistive (GMR) reader, and associated control and HRIN Cy] 
fault circuitry. o 18 cy BIASN 
Programmability of the VM546012 is achieved through a 3-line oO « 
serial interface that is 3.3V TTL/CMOS compatible. — Oo 
Programmable parameters include reader bias current/voltage, HR10P Gy | 
write current, gain, head selection and response, write current HEIN Controller 
overshoot and undershoot, fault modes, thermal asperity awe = 
detection and threshold, and dynamic thermal asperity 
compensation. 
Fault protection circuitry disables the write current generator 
upon critical fault detection. This protects the disk from potential ABSOLUTE MAXIMUM RATINGS 
data loss. For added data protection internal resistors are 
connected to I/O lines to prevent accidental writing due to an Power Supply: 
open line and to ensure power-up in a non-writing condition. Vipg> aenistiteencincan eaten neh wedientienals natuntadnitigaativibantitd antied -0.3V to +6V 
The VM546012 operates from +5V, -5V power supplies. Low M Ee: siervs Steen nates ncnis gen waned ueniecigusaais ane ooamedeunneaensenepay +0.3V to -6V 
power dissipation is achieved through the use of high-speed Read Bias: 
BiCMOS processing and innovative circuit design techniques. GUrente Wiip. 2etsenexeinceceeetsnadevnniatdetd disecydtacectabteans 18 mA 
The device also provides power saving idle and sleep modes. Write Current, ly ...--...-cccceeceeceeeeceeeertee etree ecreeereeees 90 mA 


The VM546012 is available in a die or bump die form for 
chip-on-flex applications. Please consult VTC for details. 
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Input Voltages: 

Digital Input Voltage, Vin 
Head Port Voltage, V, 
Junction Temperature, Ty 
Storage Temperature, Tig .....:--::eeeeceeeeeeeeeeeeeee ees 


-0.3V to (Veg + 0.3)V 
-0.3V to (Voc + 0.3)V 


150°C 


-65° to 150°C 
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RECOMMENDED OPERATING CONDITIONS 


Power Supply Voltage: 


NiGGr tsmnbsinassaltttasnebmatmateceagatoens suture nand sien ancouenbete +5V + 10% 

Vee ee -5V a 10% 
Write Current, yy secs ccestsccsasecacenscceasastaeaeduaeeeanctan 15-65mA 
Write Head Inductance, Ly ...........:cceceeeeeeeeceeeee tense eeee ees 70 nH 
Write Head Resistance, Ry ...........:.::ceceeeeeeeeeeeeeee eee ees 8-162 
Read Bias: 

Current lip: ese cckepesuwdn ck oe iawwsiieeced sacle eg inadgceanineee 2-10mA 

Voltage; Vyig steisstoscccssscenecaveesecsacaconacameaeecaneys 100 - 500 mV 
Read Head Inductance, Lyyp ........ceeeeeec cece eens teense eee eeeeaes 10 nH 
Read Head Resistance, Ryp........-..- 30 - 80 Q (Imr*Rmr<700mV) 


Junction Temperature, Ty ............ cece ceeeee eee ee ee ee 0°C to 125°C 


GENERAL DESCRIPTION 


Serial Interface Controller 
The VM546012 uses a 3-line read/write serial interface for 
control of most chip functions including head selection, reader 
bias current/voltage magnitude and write current magnitude. 
See SERIAL PORT on page 181 for protocol descriptions, bit 
descriptions and timing information. 


Preamplifier Configuration and Selection 

All control lines on the VM546012 may be shared, including 
the serial lines SCLK, SDIO and SENA. Default settings are 
listed in Table 80 on page 187. 


OPERATING MODES 

Pin and register combinations select read/write, servo track 
write or mode operations as shown in Table 73. The active chip 
in multiple preamp configurations is selected as shown in Table 
74. 


Table 73 Mode Select 
Pin Register:Bit 


R/WN | BIASN|SLEEPN IDLEN|SERV1|SERVO Operational 
pin 5>|pin 13> 1:<D2> |1:<D3>|3:<D7>|10:<DO0> Mode 


Sleep 


Idle 


Write 


Xx Xx 
0 0 Read 
0 0 
0 0 


Write 
Bias Active 


Servo ' 


Servo | 


Servo | 


=/-|-|o 
=/-|/o/ — 


Servo 
Bias Active 


1. SERVOO and SERVO1 settings must match, or a Servo fault. See Table 75. 
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Table 74 Multiple Preamplifier Addressing 


Pin/Address Values 
CS1/A2 CS0/A1 Chip Status 
0 0 Preamp 0 
1 0 Preamp 1 
0 1 Preamp 2 
1 1 Undefined 
lote: Address bits AT and A2 must match the value of CSO and 


CS1 to correctly address the preamplifier. See Table 77 
for Preamplifier Addressing. 

VTC recommends using Voltage mode as the write data 
input when servo writing in a multiple preamp application. 


Sleep Mode 

In the sleep mode power consumption is minimized. All 
outputs are disabled (except in test mode). The writer current 
source and the reader bias current/voltage source are 
deactivated while the RDN/RDP outputs and the WDX/WDY 
inputs switch to a high impedance state. Faults are not detected 
in Sleep Mode. 

Sleep mode is selected by setting 4:<D2> = 0, see Tables 73, 
78 and 79. 

Note: Always transition from Sleep to Idle mode 10 us before 

entering an active mode. 


Idle Mode 

The internal write current generator, write current source and 
read bias current/voltage source are deactivated while the 
RDN/RDP outputs and the WDX/WDY inputs switch to a high 
impedance state. The serial register contents remain latched 
and filter capacitance bias is maintained to reduce power-up 
delay. Faults are not detected in Idle Mode. 

Idle mode is triggered by setting 4:<D3> = 0, see Tables 73, 78 
and 79. 


Dummy Mode 

Setting DUMMY (1:<D5>) high directs the MR bias 
current/voltage to an internal dummy head. This maintains the 
reader bias at operational levels for quick read recovery. 


Test Modes 
Test modes allows the user to calculate the read head 
resistance or to monitor the die temperature or buffered head 
voltage. 
Read Head Resistance 
The resistance of the MR head can be measured in three 
ways: an automatic digital conversion, an iterative method using 
DBHV and threshold settings to trigger or not trigger a fault, or 
by monitoring the ABHV output. 
Digital Conversion 
To perform digital conversion of the read head resistance: 
1) Place device in Read Mode (see Table 73). 
2) Set the RMR/TEMP bit (8:<D7>) low to enter the MR 
resistance measurement mode. 
3) Set DIGON bit (9:<D1>) high and wait 50us for the 
preamp to convert the resistance. (DIGON automatically 
resets low when the conversion is complete.) 
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4) The resistance is stored in DSTRO-6 as a 7-bit word ina 
direct binary format. For example, if 9:<D7-D1> = 
0010000 the MR head resistance is 16 ohms. (The 
measurement range for MR resistance is 0 - 127 Q.) 

Note: MR bias current is always enabled in this mode. 
Iterative Resistance Reading 
To perform the iterative resistance reading: 

1) Place device in Read Mode (see Table 73). 

2) Set the DBHV bit (1:<D4>) high to enter the MR 
resistance measurement mode. 

3) Monitor the FLT/ABHV/DBHV pin to determine the 
voltage across the MR element: 

- Ahigh indicates the voltage is within the window (150mv to 
320mv). 
- A low indicates the voltage is outside the window. 

4) Vary the MR bias current (2:<D2-D7>) to determine 
where the defined thresholds are crossed. The FLT line 
is not valid until the Iya change settles; values for this 
are listed in "READ CHARACTERISTICS" on page 193. 

5) Resistance can be inferred from the threshold settings. 

Buffered Head Voltage 
To output the MR head voltage on the FLT/ABHV/DBHV pin: 

1) Place device in Read Mode (see Table 73). 

2) Set ABHV bit (1:<D7>) high to output the MR head 
voltage as scaled by a gain of 5. 

Note: If ABHV and DBHV are both high, ABHV takes prece- 
dence. See the truth table in PIN FUNCTION LIST AND 
DESCRIPTION on page 189. 
Die Temperature Monitoring 
The die temperature range is 0°C to 150°C. To measure the 
die temperature: 

1) Set RMR/TEMP (8:<D7>) high to enable the die 
temperature. 

2) Set DIGON bit (9:<DO>) high and wait 50us for the 
preamp to convert the temperature. (DIGON 
automatically resets low when the conversion is 
complete.) 

3) The die temperature is stored in DSTRO-6 as a 7-bit 
word in a binary format using the formula below. For 
example, if 9:<D7-D1> = 0100000 the die temperature is 
38°C (32°C x 1.18). 


T = 1.18k (eq. 35) 


where k = 0 - 127 and T is degrees Centigrade 


Read Mode 

In the read mode, the circuit operates as a low noise 
differential amplifier that senses resistance changes in the 
reader element which correspond to flux changes on the disk. 

Read mode is selected by setting the R/WN pin high. In the 
read mode the bias generator, the input multiplexer, the read 
preamp and the read fault detection circuitry are active. 

The VM546012 uses the voltage-sensing reader architecture 
with biasing programmable as current or voltage. The magnitude 
of the reader bias current/voltage is set to the value programmed 
in 2:<D2-D7>. The equations below govern the read bias 
current/voltage magnitude: 
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Var = 100+ (kp © 6-35]mV 


kimp = 0 to 63 


The reader operates in one of two constant bias modes: 

* Current bias mode is selected by setting 1:<D6> = 0, and 

* Voltage bias mode is selected by setting 1:<D6> = 1. 
Note: Any transition between current and voltage bias modes 

must occur in the Sleep mode. 

In the current bias mode a constant current is applied to the 
MR element. In voltage bias mode a constant voltage is applied 
to the MR element. The applied value is programmed in 
2:<D2-D7>. 

Read head center voltages are controlled in all modes and are 
held near ground potential. This reduces the possibility of 
damaging head-media arcing and minimizes current spikes 
during disk contacts. Selected heads are held within +500mV of 
ground and unselected heads are held at approximately 
-800mV. 

The reader enters a fast recovery mode during modal 
transitions, serial register operations, and when the reader is 
biased during a write mode. The fast recovery mode minimizes 
signal anomalies on the reader outputs. 


Fault Detection in Read Mode 
In the read mode, a TTL low on the FLT/ABHV/DBHV or the 
TA pin indicates a fault condition. Fault codes, conditions and 
the modes in which they are valid are listed in Table 81. 
Specific fault conditions may be disabled by setting the Fault 
Reporting Mode, 7:<D6-D0> as shown in Table 82. The default 
setting (0000) is to enable all faults. 
Fault codes may be cleared by setting the Clear Fault bit, 
7:<D7> = 1. The following are valid read fault conditions: 
« MR Bias Not Enabled 
¢ MR Overcurrent 
* Thermal Asperity Detected ' 
* Read Head Open 
* Read Head Shorted 
* Low Vcc, Vopm OF Vee 
* Overtemperature 
. Thermal asperity is flagged on TA pin, all other flagged on FLT/ABHV/DBHV pin. 
Read Gain 
The default gain is 100 V/V with a head resistance of 55Q. 
Read Gain may be increased in 50V/V increments using a 2-digit 
binary code in 3:<D2-D3>. The formula that describes the actual 
gain is shown below: 


= 


515 


GAIN = —">— 
460 +Ryp 


[100 + 50(kg aw) (eq. 38) 


kgain = 9-3 


Fast Mode 

Setting the FAST bit (1:<D1>) high in read mode, raises the 
low corner frequency to 5MHz. If the FAST bit is low, the low 
corner frequency is set to the value programmed in LFP 
(3:<D0-D1>). 
Thermal Asperity Detection and Recovery 
Detection 
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Setting the TAD bit high (5:<D6>) enables positive or negative 
thermal asperity detection. 

If a head-to-disk contact occurs, the thermal asperity in the 
read element will result in a fault condition. The range of the 
voltage threshold is governed by the following equation and is 
set in 5:<D0-D4>: 


k 
Vaxn = 504 [200 x (=37)] 


3] (eq. 39) 


Vrar represents the TA threshold (output-referred in mVpk). 
ktar represents the TA DAC setting (0-31). 


Note that a fault condition resulting from a thermal asperity will 
remain active until the positive or negative hysteresis is <20% of 
the threshold. 

A TA fault is reported on the TA pin, not the FLT pin. The TA 
and FLT pins may be externally connected to acommon point as 
shown in the TYPICAL CONNECTION DIAGRAM on page 190. 


Fast Recovery 

Setting the TA Compensation (TAC) bit high (5:<D5> = 1) 
automatically initiates the Fast Recovery mode if a thermal 
asperity is detected. 

The low frequency corner is raised to 5MHz from the nominal 
value programmed in 3:<D0-D1>. Raising the low frequency 
corner removes the low frequency component of the asperity 
event and allows the preamp to reach its DC operating point 
rapidly after a thermal asperity occurrence. 

Note: The TA detection circuitry must be enabled in 5:<D6>, 

and TA pin is inactive when preamp is in write mode. 


Write Mode 

In the write mode, the circuit operates as a write current switch, 
driving the thin-film write element of the head. 

Write mode is selected by setting the R/WN pin low. 

The magnitude of the write current is determined by the write 
current registers (4:<D3-D7>). The following equation governs 
the write current magnitude: 


Iy = 15+ (kp: 1.61)mA (eq. 40) 


lw represents the write current (mA flowing to the selected head). 
kw represents the write current DAC setting (0 to 31). 


The write data signals on the WDX and WDY lines drive the 
current switch of the selected head. 
See Figure 60 for the timing diagram on page 196. 
Write Current DAC 

Register 4:<D3-D7> represent the binary equivalent of the 
DAC setting (0-31). 
Read Bias Enabled in Write Mode 

Taking the BIASN pin low (at least 5us before the R/WN pin is 
set high) enables reader bias current/voltage to the selected 
head. The read circuitry is in its normal “read” state except that 
the outputs are disabled. Another circuit is enabled to maintain 
the common-mode voltage at the reader outputs, thereby 
substantially reducing write-to-read transition times. 
Write Data Modes 

Setting the WVORI bit low (1:<D1>) initiates Write Data Inputs 
in Voltage Mode. Setting the WVORI bit high initiates the Write 
Data Inputs in Current Mode. 
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Fault Detection in Write Mode 

In the write mode, a TTL high on the FLT/ABHV/DBHV pin 
indicates a fault condition. Fault codes, conditions and the 
modes in which they are valid are listed in Table 81. 

Specific fault conditions may be disabled by setting the Fault 
Reporting Mask, 7:<D0-D6> as shown in Table 82. The default 
setting (000000) is to enable all faults. 

Fault codes may be cleared setting the CLRFC, 7:<D7>, high. 

The following are valid write fault conditions: 

« Write Data Frequency Low 

* Open or Shorted Write Head 

* Servo Fault 

* Low Voc. Voom | or Veg 2 

* Overtemperature 

* Invalid Head Selected 


= 


. If Vppm is not supplied, the fault is disabled. 
. Low V fault disables write current until proper level is restored. 


= 


Servo Write Mode 

In the servo write mode, up to eight channels may be written 
simultaneously. 

Table 79 indicates how heads can be selected for individual or 

simultaneous writing. 

Note: VTC recommends using Voltage mode as the write data 
input when servo writing in a multiple preamp application. 

Setting both the SERVOO and SERVO1 bits (10:<D0> and 
3:<D7>) to ‘1’ and holding the R/WN pin low places the preamp 
in servo write mode (see Table 73). 

The BANK bit (10:<D7>) permits writing to even or odd head 
combinations: high writes to even and low writes to odd heads. 
A high in SHDn (10:<D1-D6> selects the specific head on which 
to perform the servo write. The default setting is to select no 
heads (10:<D7> = 0 and 10:<D1-D6> = 000000). 

Note: It is the customer’s responsibility to make sure the ther- 
mal constraints of the die/flex/package are not exceeded. 
(This could be achieved by lowering the supply voltage, 
reducing the write current or cooling the device.) 

A servo fault is generated if the SERVOO and SERVO1 
(10:<DO0>, 3:<D7>) settings do not match as shown in Table 75. 


Table 75 Servo Faults 


SERVO1 SERVOO Mode Fault 
3:<D7> 10:<D0O> 
0 0 Active ' No 
1 0 Active ' Yes 
0 1 Active ' Yes 
1 1 Servo No 


1. Active includes all modes (read, write, idle, sleep or test), except servo. 
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SERIAL PORT 


Serial Interface 

The VM546012 uses a 3-line read/write serial interface for control of most chip functions including head selection, reader bias 
current/voltage magnitude and write current magnitude. See Tables 77 and 78 for a bit description. 

The serial interface has two input lines, SCLK (serial clock) and SENA (serial enable), and one bidirectional line SDIO (serial data 
input/output). The SCLK line is used as reference for clocking data into and out-of SDIO. The SENA line is used to activate the SCLK 
and SDIO lines and power-up the associated circuitry. When SENA is low only the output D-latches and the reference generators 
remain active. An internal pull-down resistor is connected to SENA to ensure power-up in a non-writing condition and to prevent 
accidental writing due to open lines. 

16-bits constitute a complete data transfer as shown in Figure 57. 

* The first 8-bits <A7-A0> are write-only and consist of: 

- one read/write command bit <A0> (high for read, low for write), 
- two preamp address bits <A2-A1>, 
- four register address bits <A6-A3>, and 
- one unused bits <A7>. 
* The second 8-bits <D7-D0O> consist of data to be written-to or read-from the control registers. 
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A data transfer is initiated upon the assertion of the serial enable line (SENA). Data present on the serial data input/output line (SDIO) 
will be latched-in on the rising edge of SCLK. During a write sequence this will continue for 16 cycles; on the falling edge of SENA, the 
data will be written to the addressed register. 

During a read sequence, SDIO will become active on the falling edge of the 8th cycle (delayed to allow the controller to release control 
of SDIO). At this time <DO> will be presented and the data will be clocked from the SDIO line on subsequent rising edges of SCLK. 

Note: Data transfers should only take place in idle or write modes. I/O activity is not recommended in read mode. The reader 

invokes a fast mode while a serial interface operation occurs. 

See Tables 77 and 78 for a bit description. See Table 76, and Figures 58 and 59 for serial interface timing information. 


Clk 1 Clk 16 


CT nn © 0 2.o a0 A 2w Ao ew Aw Ae ae oe Ae Oe ee ao ae 
Preamp Register Address Bits Unused Data Bits 
Address Bits 


SDIO cRiw X Ai X a2 Xas Kas Xas Kas XAT X Do X 01 X D2 X ds X d4 X D5 X 06 X 07 ) 


SENA _/ L 


Figure 57 Serial Port Protocol 
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Table 76 Serial Interface Parameters 


DESCRIPTION SYMBOL 
Serial Clock (SCLK) rate, write 
SENA to SCLK delay 
SDIO setup time, write 
SDIO delay time, read 
SDIO hold time 
SCLK cycle time 


SCLK high time 

SCLK low time 

SENA hold time 

Time between I/O operations 
Time to activate SDIO 
Duration of SerEna (read) 
Duration of SerEna (write) 


Note: SENA assertion level is high. 


a ee ' Tekh * Toki! 
_———— << 
a. —— ey a a. a a oe ce 
SDIO Rwb At SS ps X oe X07: ») 
' Twds | 
SENA / \ 
'__Tsens_  Tshid ' 
‘ Teg =_—>, 
Figure 58 Serial Port Timing - Write Operation 
nae Ss’ Trds 


spI0 (“i _ XXX XXX? 


SENA 


Figure 59 Serial Port Timing - Tristate Control during Read Operation 
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Serial Registers 
8-bit registers are accessible for read/write operations via the serial interface. Table 77 lists the serial address for each register. Table 
78 lists the data contents of the register set. A description of the individual bits is provided in Table 79. 


7) 
a = 
Table 77 Serial Interface Addressing = ul 
: Register Preamp ; = 
Registers: Address Bits Address Bits wen 
<A7> <A6> <A5> <A4> <A3> <A2> <A1> <A0> 
0 Xx 0 0 0 0 
1 x 0 0 0 1 
2 x 0 0 1 0 
3 x 0 0 1 1 
4 X 0 1 0 0 Preamplifier Select Bits 0 = write 
5 Xx 0 1 0 1 See Table 74 for valid dread 
6 X 0 1 1 0 (chip addressing values. 
7 x 0 1 1 1 
8 xX 1 0 0 0 
9 x 1 0 0 1 
10 xX 1 0 1 0 


Table 78 Serial Interface Bit Map - Base Registers 


Function Register # pee Bie 
<D7> <D6> <D5> <D4> <D3> <D2> <D1> <D0> 
Head Select 0 HS3 HS2 HS1 HSO : : i : 
Control 1 ABHV I/V DUMMY DBHV IDLEN SLEEPN | WVORI FAST 
IMR 2 IMR5 IMR4 IMR3 IMR2 IMR1 IMRO GAIN1 GAINO 
Poles 3 SERVO1 USC2 USC1 USCO BW1 BWO LFP1 LFPO 
Write Current/ 4 IW4 IW3 IW2 IW1 IWO OSC2 OSC1 OSCO 
Thermal Asperity 5 : TAD TAC TAD4 TAD3 TAD2 TAD1 TADO 
Vendor ID 62 REV2 REV1 REVO VEND4 VEND3 VEND2 VEND1 VENDO 
Fault Mask/Clear 7 CLRFC FLT6 FLT5 FLT4 FLT3 FLT2 FLT1 FLTO 
Fault Code 8 als TTOSC 1 ‘ FCOD3 | FCOD2 | FCOD1 | FCODO 
Data Storage/Digital 9 DSTR6 DSTR5 DSTR4 DSTR3 DSTR2 DSTR1 DSTRO DIGON 
Servo 10 BANK |SHD10/11| SHD8/9 SHD6/7 SHD4/5 SHD2/3 SHDO/1_ | SERVOO 
1. Reserved. 
2. Read Only Register/Bits: 
Register 6:<D0-D4> is the Vendor ID code (VTC=TBD), 
Register 6:<D5-D7> is the Vendor revision code. Initial revision shall be (REVO = 0, REV1 =0, REV2 = 0), 
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Table 79 Serial Register Data Bit Descriptions 


Register 


Function 


990812 


Description 
Reserved 


Head Select 


Binary selection of head HS1 


Head Select 0:<D5> 


(jo) 
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Fast Mode 


Raises low corner frequency 5 MHz 
0 = Disable 
1 = Enable 


Write Voltage or Current 


0 = Voltage mode write data inputs. 

1 = Current mode write data inputs. 

Note: VTC recommends using Voltage mode as the write data input 
when servo writing in a multiple preamp application. 


Sleep 


SLEEPN 


0/1 = See Table 73, “Mode Select,” on page 178 
Note: This bit has precedence over the IDLEN bit (1:<D3>). 


Idle Mode 


IDLEN 


0/1 = See Table 73, “Mode Select,” on page 178 
Note: The SLEEPN bit (1:<D2>) has precedence over this bit. 


Digital Buffered Head 
Voltage Output 


DBHV 


0 = Disable 
1 = Enable 
Note: DBHV is overridden when ABHV (1:<D7>) is enabled. 


Dummy MR Head Load 


0 = MR Head selected using HSn register (0:<D4-D7>) setting. 
1 = Dummy head resistive load selected. 


Current or Voltage Bias 


0 = Current bias mode. 

1 = Voltage bias mode. 

Note: Bias level is set in registers 2:<D2-D7> 

Note: Any transition between current and voltage bias modes must occur 
in the Sleep mode. 


Analog Buffered Head 
Voltage Output 


0 = Disable 
1 = Enable 
Note: ABHV overrides DBHV (1:<D4>). 
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Table 79 Serial Register Data Bit Descriptions 


Register Function 
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Description 
Binary selection of MR Reader Gain least significant bit: 


Gain 


100 V/V 


200 V/V 


150 V/V 0 
1 
1 


250 V/V 


Bias Level 


Binary selection of MR Head Current Bias least significant bit 

Current Bias = 2mA (000000) to 10mA (111111) in 0.127mA increments. 
Voltage Bias = 100mV (000000) to 500mV (111111) in 6.35mV incre- 
ments. 

Note: Current or Voltage Bias selected in 1:<D6>. 


Low Frequency (-3dB) 
Bandwidth 


Binary selection of Low Frequency Bandwidth: 


Low Frequency Bandwidth 


1 MHz 


2 MHz 


3 MHz 


5 MHz 


Bandwidth 


Binary selection of Bandwidth: 


Bandwidth 


200 MHz 


250 MHz 


300 MHz 


350 MHz 


Undershoot Control 


USCn 


Undershoot Control 
TBD % (000) to TBD % (111) in TBD % increments. 


Servo Bank 1 


SERVO1 


0/1 = See Table 75, “Servo Faults,” on page 180 
Note: SERVOO (10:<D0>) must also be selected for a valid servo write. 
Note: Register 10:<D1-D6> defines which heads to servo write. 


Overshoot Control 


Overshoot Control 
TBD % 000) to TBD % (111) in TBD % increments. 


Write Current 


Binary selection of Write Current 
15 mA (00000) to 65 mA (11111) in 1.6 mA increments. 


Thermal Asperity 
Threshold - MSB 


Binary selection of Thermal Asperity Threshold 
TA Range = 50 mV (00000) to 949 mV (11111) in increments of 29 mV. 


Thermal Asperity 
Compensation 


0 = No TA Compensation. 
1 = TA Compensation selected. 
Note: TA Detection must be enabled in 5:<D6> for TAC to function. 


Thermal Asperity 
Detection 


0 = TA Detection disabled. 
1 = TA Detection enabled. 


Reserved 


Vendor Code 


Binary Vendor Code (10000 = VTC) 


Revision of Part 


Binary Revision Count: 
Revision 1 (000) to Revision 8 (111). Count restarts at 1after exceeding 8 


Fault Mask 


Fault Reporting Mask 
See Table 82. 


Clear Fault Codes 


0 = Retain faults 
1 = Clear faults 
Note: CLRFC resets to 0 after fault codes clear. 
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Table 79 Serial Register Data Bit Descriptions 


Register 


Function 
Fault Condition 


FCODEn 


990812 


Description 


Binary code of Fault(s) 
See Table 81. 


Reserved 


Test Bit 


Manufacturer’s test bit - Reserved 


MR Head Resistance or 
Die Temperature 


0 = MR Head Resistance stored in DSTRn register (9:<D1-D7>). 
1 = Die Temperature stored in DSTRn register (9:<D1-D7>). 


Internal Digital Conversion 


0 = Analog-to-digital conversion off 

1 = Start analog-to-digital conversion 

Note: DIGON resets to 0 when analog-to-digital conversion completes. 
Note: Reader Resistance or Die Temperature output is selected in TBD 
and the measurement is stored in 9:<D1-D7>. 


Data Storage 


Data storage of binary output from MR Head Resistance or Die Tempera 
ture: 

Resistance range is 0 to 127 Ohms. 

Temperature range is 0 to 150°C. 

Note: 9:<D0> selects analog or digital output. 


Servo Bank 0 


SERVOO 


0/1 = See Table 75, “Servo Faults,” on page 180 

Note: SERVO1 (3:<D7>) must also be selected for a valid servo write. 
Note: Register 10:<D1-D6> defines which heads to servo write. Default is 
to servo write all heads (see Table 80). 


Servo Head Select 


Binary selection of the head pairs to be servo track written. 

Bit 1 = 1 selects HDO or HD1. 

Bit 2 = 1 selects HD2 or HD3. 

Bit 3 = 0 deselects HD4 or HD5. 

Bit 4 = 0 deselects HD6 or HD7. 

Bit 5 = 0 deselects HD8 or HD9Y. 

Bit 6 = 0 deselects HD10 or HD11. 
Register 10:<D7> defines whether even or odd numbered heads are 
selected from the active pairs. Default is no head selected (see Table 80). 
Examples when the default (odd) head bank is selected (10:<D7> = 0): 
1. 001000 = Servo Write Head 7. 
2. 000011 = Servo Write Heads 1 and 3. 
Note: SERVOO and SERVO1 (10:<DO> and 3:<D7>) must be selected to 
servo write. 


1-186 


Servo Bank Select 


0 = Odd head bank selected 

1 = Even head bank selected 

Note: Register 10:<D1-D6> defines the head combinations to servo write. 
Default is to servo write the odd head bank (see Table 80). 

Note: SERVOO and SERVO1 (10:<D0O> and 3:<D7>) must be selected to 
servo write. 
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Table 80 Power-on Reset Register Values 


Function Register Number Pawepran Reset Velde g 
<D7-D0> S < 
Head Select 0 <0000 XXXX> cc 
Control 1 <0000 0000> 
Bias/Gain 2 <0000 0000> 
Poles 3 <0100 1100> 
Write Current/Overshoot 4 <0000 0100> 
Thermal Asperity 5 <0000 0000> 
Vendor ID 6 <XXXX XXXX> 
Fault Mask/Clear 7 <0000 0000> 
Fault Code 8 <XXXX 0000> 
Data Storage/Digitization 9 <0000 0000> 
Servo 10 <0000 0000> 
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Fault Reporting and Masking 


Table 81 Fault Conditions and Codes 


Fons big Fault Priority ‘| Valid Mode(s) | Mask? Conditions 
0000 No Fault - Read or Write - 
0001 Reserved - - - 
0010 MR Overcurrent 2 Read M 
0011 Thermal Asperity Detected 6 Read M 
0100 Read Head Open 7 Read Ms 
0101 Read Head Shorted 8 Read Ms 
0110 Write Data Frequency Low 5 Write M 
0111 Write Head Open/Shorted 3 Write M 
1000 Servo Fault 9 Write Unmatched servo bank bits 
. Disables write current 
Ld Low Veo; Voom OF Vee : ReadOnly M until proper voltage level is restored 
1010 Reserved - - - 
1011 Overtemperature 10 Read or Write M Temp > 140°C 
1100 Reserved - - - 
1101 Reserved - - - 
1110 Reserved - - - 
1111 Reserved - - - 


1. First fault reported is latched until a higher priority fault is reported or the code is cleared. 
2. See Table 82 for an explanation of fault masking. 
3. Single bit masks both faults. 


Setting the appropriate bit(s) listed in Table 82 masks the fault(s) at both the fault register and the FLT pin. If 7:<D7-D0> = 0000 
0101, an MR Overcurrent fault is masked with the 7:<D0O> bit and Read Head Open and Read Head Shorted faults are masked with 
the 7:<D2> bit. 


Table 82 Fault Masking 


Ba leter . Fault(s) Masked ' sapien Masked Fault 
<D0O> MR Overcurrent <D4> Write Head Open/Shorted 
<D1> Thermal Asperity Detected <D5> Low Vcc; Vppm OF Vee 
<D2> Read Head Open/Shorted <D6> Overtemperature 
<D3> Write Data Frequency Low Note: Setting <D7> = 1 clears all fault codes in 8:<D0-D3>. 


1. Single bit masks both Read Head Open and Read Head Shorted faults. 
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PIN FUNCTION LIST AND DESCRIPTION 


. Logic Level a 
Signal Input/Output Default 1 Description , 
FLT/ABHV/DBHV oO? - Write/Read Fault and Buffered Oniauit ABHV DBHV = 
Head Voltage (Analog or Digital) as P 1:<D7> 1:<D4> =i 
shown in truth table: FLT 0 0 - 
¢ Fault (FLT) output: 
- ATTLhigh level indicates a DBHV 0 1 
fault in write mode. ABHV 1 0 
- ATTLlow level indicates a fault 
in read mode. ABHV . : 
* Analog or Digital Buffered Head 1. ABHV overrides DBHV setting. 
Voltage output when ABHV Output is Analog Buffered Head Voltage (ABHV). 
and/or DBHV is enabled. 
GND S - Ground 
HRON-HR11N | - Read head connections, negative end. 
HROP-HR11P | - Read head connections, positive end. 
HWOX-HW11X O - Thin-Film write head connections, positive end. 
HWOY-HW11Y O - Thin-Film write head connections, negative end 
R/WN 12 high Read/Write: 
A TTL low level enables write mode. 
BIASN high MR Bias: 
* A TTL low level enables bias current through the active head. 
RDP, RDN Gs - Read Data: 
Differential read signal outputs. 
SCLK [= low Serial Clock: 
Serial port clock; see Figure 57. 
SDIO 0 ? low Serial Data: 
Serial port data; see Figure 57. 
SENA [4 low Serial Enable: 
Serial port enable; see Figure 57. 
TA 0? high Thermal Asperity: 
* When 5:<D6> = 1 (TA Detection enabled): 
- A TTL high level indicates no TA. 
- A TTL low level indicates a TA exceeded the threshold programmed in 
5:<D0-D4>. 
Note: TA pin is inactive when preamp is in write mode. 
VCC s - +5.0V supply 
VDDM 12 = +3.3V supply, monitor pin only 
VEE 7 7 -5.0V supply 
WDX, WDY 12 high Differential Pseudo-ECL write data inputs 


SZ 


5 


VM546012“8 


1. 40kQ pullup/pulldown resistors are used to default pins to specified high or low levels. 
2. When more than one device is used, these signals can be wire-OR’ed together. 
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TYPICAL CONNECTION DIAGRAM 


uv 
7 = a HWnx tay, HOV 
ha 5 HWnY vec, 4 voc ——_4 
D 
FLT |—p—¢ FLT 
5 HRnP 5kQ. 5kO. 
L_| HRnN TA |,» TA _| 
5kQ. 
GND Fault Connection 
le Alternatives 
+5V 
vcc 
+3.3V 
VDDM 
RDX | 
5V T Read 
~ | Output 
Vee RDY | 


Note: The structure placements in the diagram are not meant to indicate pin/pad locations. The connections shown will apply regard- 
less of pin/pad location variation. 


Application Notes: 


* Power supplies have been separated by Read/Write functionality to reduce noise coupling. 
If separate supplies are not available, VTC recommends that the supply lines be connected externally some distance from the 
preamp. 


Data transfers should only take place in idle or write modes. I/O activity is not recommended in read mode and will result in reader 
performance degradation. 


« VTC recommends placing decoupling 0.1 uF and 0.01 uF capacitors in parallel between the following pins: 
VCC - GND 
VEE - GND 

* For maximum stability, place the decoupling capacitors as close to the pins/pads as possible. 

* Minimum FLT pullup resistance is 5 kQ. 
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STATIC (DC) CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. Iyja=5 MA, ly = 50 mA. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 0 
= 
Read Mode 92 TBD =< 
oc 
Write Mode 93 175 o- 
mA 
Voc Power Supply Current loc Write Mode, Reader Biased 135 TBD 
Idle Mode 15 TBD 
Sleep Mode 500 TBD HA 
Read Mode 38 TBD 
Write Mode 68 150 
mA 
Vee Power Supply Current lee Write Mode, Reader Biased 86 TBD 
Idle Mode 2 TBD 
Sleep Mode 20 TBD HA 
Read Mode 650 TBD 
Write Mode 805 TBD 
Power Supply Dissipation Py Write Mode, Reader Biased 1105 TBD mW 
Idle Mode 85 TBD 
Sleep Mode 2.6 TBD 
Input High Voltage Vin TTL 2.0 Veo 
Input Low Voltage ViL TTL -0.3 0.8 
Input High Current, Vi, = 2.0V Ny PECL 120 
HA 
TTL 80 
PECL 100 
Input Low Current, V;, = 0.5V lie HA 
TTL -160 
Output High Current lon FLT: Voy = 5.0V 50 HA 
Output High Voltage Vou TTL, loy=TBD 2.40 Voc V 
Output Low Voltage VoL TTL, lop = 4mA 0.6 V 
Voc Fault Threshold VetH 3.75 4.0 4.25 V 
Hysteresis = 100mV +10%, 
Veg Fault Threshold VetH -4.25 -4.0 -3.75 V 
PECL 1.9 Voc Vv 
High Level WDATA 
Current Mode (sink) 25 100 200 HA 
PECL 1.5 Vin - 0.4 Vv 
Low Level WDATA 
Current Mode (sink) 0.8 2.0 4.0 mA 
WDATA PECL swing Voltage mode differential 0.4 1.5 Vop 
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STATIC (DC) CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. Iyp_=5 mA, ly = 50 mA. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 


Voltage compliance for WDATA CMM of inputs when in current mode Voc -1.0 V 


a) 
a) 
fe 
20 
U 
n 


READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iya = 5MA, Lug = 30NH, Ry, = 55Q. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Reader Head Current Range le 2 10 mA 
Reader Head Current Tolerance 2MA < Iya < 10 mA, -5 +5 % 
Reader Head Voltage Range Vur 100 500 mV 
Reader Head Voltage Tolerance 100 mV < Vu, < 500 mV, 5 +5 % 
Unselected Reader Head Current 100 HA 
VIN = 1mVpp @ 20MHz, 
Rigi = TBD, 100 VV 
Differential Voltage Gain Ay Gain Bits = 00 
Gain Bits = 11 250 V/V 
-1dB TBD TBD TBD 
Passband Upper Frequency Limit fur 
No Boost, -3dB 350 
-1dB TBD TBD TBD 
Passband Lower Frequency Limit fir 
-3dB, normal mode, LFP = 00 1 MHz 
Input Noise Voltage en 1 MHz <f < 100 MHz 0.55 nV/VHz 
Ive = 8 MA, = 
Input Noise Bias Current in Noise independent of Ima 8 pA/VHz 
1 MHz <f < 100 MHz 
1 MHz <f < 10 MHz TBD dB 
Noise Peaking 
10 MHz < f < 200 MHz TBD dB 
Differential Input Capacitance Cin 2 4 pF 
Differential Inout Resistance Rin 400 Q 
AC input V where A, falls to 90% 
Dynamic Range DR of its value at Vy = TBD @ f = 20 6 MV pp 
MHz 
Vom = TBD mVpp, 20 
: iad 10 MHz <f < 200 MHz 
ommon Mode 
Rejection sade 1 MHz <f < 10 MHz 40 ae 
f < 100 kHz 60 
100mV,, ON Voc OF Vee, 20 
10 MHz < f < 200 MHz 
Power Supply 100mV,, ON Voc OF Vee, 
Rejection PSBh 1 MHz <f < 10 MHz oy dB 
100mV,, ON Voc OF Vee, 60 


f < 100 kHz 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iy_= 5mMA, Lyrg = 30NH, Ry, = 55Q. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
o 
Unselected Channels: ir : 
Channel Separation cs Vin= 1MV,p, 50 dB = ul 
1 MHz <f < 200 MHz o 
en 100 mV,, on pins, 
Rejection of SCLK and SDIO + MHz <f< 100 MHz 40 dB 
Output Offset Voltage Vos 7 50 mV 
Common Mode Output Voltage Voom 2.0 V 
Common Mode Output Voltage 
Diforence AVocm Voom (READ) - Vocoy (WRITE) 50 mV 
Reader Head Resistance Rue 30 55 80 
Single-Ended Output Resistance Rseo 25 
Output Current lo 4 mA 
Total Harmonic Distortion THD 0.5 % 
Reader Head Potential, Selected Voir Any point to GND 500 500 av 
Head 
Reader Head Potential, Unse- 
lected Head Veer ve : 
Reader Differential Voltage 700 a 
(Ir Ru) 
Reader Bias Current Settling —_ lua = 4 MA, Ryg=1000. TBD nS 
Time 
Reader Bias Current Overshoot 2.5 % 
Reader Bias Current Overshoot 
. ; TBD 
Time Duration 
TA Detection Response Time TA occurred to FLT active 40 ns 
Group Delay Variation (20 - 3 dB cutoff) MHz TBD nS 
MR Measurement Accuracy 4 % 
Temperature Measurement re) 
2 Cc 
Accuracy 
BHV Accuracy 5 % 


VTC Inc., 2800 East Old Shakopee Road, Bloomington, MN 55425, 612-853-5100 1-193 


~ 


"Wp \\M546012 990812 


WRITE CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: ly = 50mA b-p, L4= 70nH, Ry = 10Q, fpat, = SMHZz, 
0°<T <125°C. 


uv 

m = PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 

= a 

o Write Current Range lw 15 65 mA 
Write Current Tolerance Alw 15 <ly<65mA -8 8 % 
Write Servo Current Tolerance -10 10 % 
Differential Head 
Voltage Swing Von Open Head 8 Vpp 
Unselected Head | { en 
Transition Current me pe 
Differential Output Capacitance Co 6 pF 
Write Data Frequency for Safe 
Condition foata FLT low 1 MHz 
Write Data Time for Fault Inhibit foata Minimum bit transition time 7 nS 

; , : lw = 50 mA b-p, 
Write Current Settling Time twset Head model provided TBD nS 
Write Data Input Terminal Resis- Wen 150 ° 
tor 
lw = 50 mA b-p, 
Write Current Overshoot Woov Head model provided TBD % 
WCP0=0, WCP1=0, WCP2=0 
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SWITCHING CHARACTERISTICS 


Recommended operating conditions apply unless otherwise specified. 
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& 
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PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
R/WN to Write Mode trw To 90% of write envelope 30 50 nS 
- sh envelope or 300 nS 
R/WN to Read Mode twr = 
To 10% of ly envelope 50 nS 
Idle to Read Mode t To 90% of envelope, 5 Ss 
(SCLK 16th rising edge) In DC Offset Level within 20 mV H 
To 90% of envelope, 
DC Offset Level within 20 mV, 1 nS 
TBD - Fixed Iyp- 
HS0-HS2 to Any Head tae To 90% of envelope, 
(SCLK 16th rising edge) DC Offset Level within 20 mv, 
Head Voltage Change not to 3 rhs) 
exceed 150 to 400 mV, Variable 
ln 
Active (16th rising edge) to Idle tri Toda olead onvelopy arts 50 nS 
current 
Safe to Unsafe ! toy 50% WDX to 50% FLT 1.5 uS 
Unsafe to Safe ! tpo 50% WDX to 50% FLT 100 ns 
Head Current t From 50% points, 5 ns 
Propagation Delay ' D3 Ly=0, Ry=132. 
Write Data has 50% duty cycle & 
Asymmetry Asym 0.5nS rise/fall time, L4=0, 100 ps 
Ry=TBD 
10% - 90%, ly = 50 mA b-p, 
Lu=70nH, Ry=109. aie ps 
Rise/Fall Time t, / ts 
Head model provided, lw = 50 nS 
mA b-p, Ly=0nH, Ry=0. 
Read to Servo Write From 50%R/WN to 90% lw 50 nS 
Read to Servo Write 
Head Turn-on Variation TBD ns 
: To 90% envelope, DC offset level 
Servo Write to Read to within 20mV 1 Ss 
Serve: Wile Gumi From 50% R/WN to 10% hy TBD nS 
Turn-off Time 
1. See Figure 60 for the write mode timing diagram. 
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wox-woyY | \  / \ / \ a a 
2 = toi 
BS FLT 
a ~<i— tbe 
> rae 
D3 
HWnxX - HWnY y. 7 a a 
(lw) 


In voltage mode: When WDX > WDY current will flow from HWnX to HWnY. 
When WDY > WDX current will flow from HWnY to HWnX. 

In current mode: When sinking current from WDY current will flow from HWnX to HWnY. 
When sinking current from WDX current will flow from HWnY to HWnX. 


Figure 60 Write Mode Timing Diagram * 
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PACKAGING 


12-Channel Die 


Specific Characteristics 
Die size: TBD x TBD Mils 
Wire Bond Coordinates for the VM546012 (in Mils) 


rt) 
= 
o 
= 
= ui 
a 
a 


Pin Name X Axis Y Axis Pad Size 
BIASN TBD TBD TBD 
CSO TBD TBD TBD 
CS1 TBD TBD TBD 
FLT/ 

DBHV/ABHV TBD TBD TBD 
GND TBD TBD TBD 
GND TBD TBD TBD 
HRON TBD TBD TBD 
HROP TBD TBD TBD 
HR1iN TBD TBD TBD 
HR1P TBD TBD TBD 
HR2N TBD TBD TBD 
HR2P TBD TBD TBD 
HR3N TBD TBD TBD 
HR3P TBD TBD TBD 
HR4N TBD TBD TBD 
HR4P TBD TBD TBD 
HR5N TBD TBD TBD 
HR5P TBD TBD TBD 
HR6N TBD TBD TBD 
HR6P TBD TBD TBD 
HR7N TBD TBD TBD 
HR7P TBD TBD TBD 
HR8N TBD TBD TBD 
HR8P TBD TBD TBD 
HRON TBD TBD TBD 
HR9P TBD TBD TBD 

HR10N TBD TBD TBD 
HR10P TBD TBD TBD 
HR11N TBD TBD TBD 
HR11P TBD TBD TBD 
HWOX TBD TBD TBD 
HWOY TBD TBD TBD 
HW1X TBD TBD TBD 
HW1Y TBD TBD TBD 
HW2xX TBD TBD TBD 
HW2Y TBD TBD TBD 
HW3X TBD TBD TBD 
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Pin Name X Axis Y Axis Pad Size 
HW3Y TBD TBD TBD 
HW4X TBD TBD TBD 
HW4Y TBD TBD TBD 
HW5X TBD TBD TBD 
HW5Y TBD TBD TBD 
HW6X TBD TBD TBD 
HW6Y TBD TBD TBD 
HW7X TBD TBD TBD 
HW7Y TBD TBD TBD 
HW8xX TBD TBD TBD 
HW8Y TBD TBD TBD 
HW9X TBD TBD TBD 
HW9Y TBD TBD TBD 

HW10X TBD TBD TBD 
HW10Y TBD TBD TBD 
HW11X TBD TBD TBD 
HW11Y TBD TBD TBD 
R/WN TBD TBD TBD 
RDN TBD TBD TBD 
RDP TBD TBD TBD 
SCLK TBD TBD TBD 
SDIO TBD TBD TBD 
SENA TBD TBD TBD 
TA TBD TBD TBD 
VCC TBD TBD TBD 
VDDM TBD TBD TBD 
VEE TBD TBD TBD 
WDX TBD TBD TBD 
WDY TBD TBD TBD 
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12-CHANNEL CONNECTION DIAGRAM 


a) 
in 
>= Z07*%S2S0Z5,>xx>raz 
=” EEESEScReeSSES ee 
vu Se ck oie keke ke wk on oe ks 
7) cso 
csi HR7N 
VEE HR7P 
VCC HW7Y 
GND HW7X 
VDDM HW6X 
SDIO HW6Y 
SCLK HR6P 
SENA HR6N 
R/WN HRS5N 
WDx HR5P 
WDY HW5Y 
BIASN HW5X 
FLT/DBHV/ABHV HWax 
TA HWwa4yY 
RDP HR4P 
RDN HR4N 
Za>r-xx<>azzar-xx>az 
EESSESECSESS SEE 


12-Channel Die 
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VM546112 


PROGRAMMABLE, DUAL SUPPLY, 
GIANT MAGNETO-RESISTIVE HEAD, 
READ/WRITE PREAMPLIFIER 


ADVANCE INFORMATION 


990812 August 12, 1999 
FEATURES BLOCK DIAGRAM 
* General GND VEE vcc  VDDM 
- Transfer Rates in Excess of 500 Mbits/sec O O O O 
- Designed for Use With Four-Terminal GMR Heads 
- 3-Line Serial Interface 
- Die Temperature Monitor Capability ee » ry eee 
- Operates from +5 and -5 Volt Power Supplies 
- 12 Channels Available - a 
- Fault Detect Capability Source a saa 
- Servo Bank Write Capability z [ 
- Provides for Addressing of Multiple Preamplifiers z ro 
. High Performance Reader Py rm 
Current or Voltage Bias / Voltage Sense Configuration Reader Bias Current/voltage |__ J awioy 
- Reader Bias Current/Voltage 6-bit DAC, 2 -10 mA Range SCLK 
- Programmable Read Voltage Gain sDIO Write Current PP aRtx 
(100 V/V to 250 V/V Typical) Mog PO ARTY 
- Input Noise Voltage = 0.55 nV/VHz Typical Contra! 4 
- Input Noise Current = 8 pA/VHz Typical \ = 
- Input Capacitance = 2 pF Typical Thermal Asperity 
- piereminebie panawiihe to 350 MHz Typical ee) Detection: Thresncld Fault a ag 
* High Speed Writer A 
- Write Current 5-bit DAC, 15 - 65 mA Range cso b Pead'gelect 
- Rise Time 500 pS Typical osi & 
(10-90%, lw = 50 MA, Liota = 70 NH, R = 102) eau mcaccie 
DESCRIPTION | 
The VM546112 is an integrated BICMOS programmable ADP 
read/write preamplifier designed for use in high-performance ROE Cy) SS » 3 
hard disk drive applications using 4-terminal recording heads. BRON oe 
The VM5461 12 contains a thin-film head writer, a giant HRIP | i 
magneto-resistive (GMR) reader, and associated control and HRIN Cy] 
fault circuitry. o 18 cy BIASN 
Programmability of the VM5461 12 is achieved through a 3-line oO « 
serial interface that is 3.3V TTL/CMOS compatible. — Oo 
Programmable parameters include reader bias current/voltage, HR10P Gy | 
write current, gain, head selection and response, write current HEIN Controller 
overshoot and undershoot, fault modes, thermal asperity awe = 
detection and threshold, and dynamic thermal asperity 
compensation. 
Fault protection circuitry disables the write current generator 
upon critical fault detection. This protects the disk from potential ABSOLUTE MAXIMUM RATINGS 
data loss. For added data protection internal resistors are 
connected to I/O lines to prevent accidental writing due to an Power Supply: 
open line and to ensure power-up in a non-writing condition. Vipg> aenistitaensincaseantien neh wedienitienals naduntgdnitigaeativibantitd antted -0.3V to +6V 
The VM546112 operates from +5V, -5V power supplies. Low N EE: sieavd Seeuninaiites micas goa wanadaniedieusaas une ooamedeanmeaensenepay +0.3V to -6V 
power dissipation is achieved through the use of high-speed Read Bias: 
BiCMOS processing and innovative circuit design techniques. Current We: sesacnestsnicendisnagecunusscusiiauteradtaeaatendeeys 18 mA 
The device also provides power saving idle and sleep modes. Input Voltages: 
The VM546112 is available in a die or bump die form for Digital Input Voltage, Vin .-..sseeeeeeeeeeees -0.3V to (Voc + 0.3)V 


chip-on-flex applications. Please consult VTC for details. 


VTC Inc., 2800 East Old Shakopee Road, Bloomington, MN 55425, 612-853-5100 


Head Port Voltage, V, 
Junction Temperature, T, 
Storage Temperature, T sig 


-0.3V 


to (Voc + 0.3)V 
150°C 
-65° to 150°C 
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RECOMMENDED OPERATING CONDITIONS 


Power Supply Voltage: 


ViGGs. ssksnbiacansncar Grant iesthyseteGeacear amsane tenpenemarecenatints +5V+ 10% 
Mie asaceccecseccansdaxaacenbiiechanertatanentaceetanhetennnrach urate -5V+10% 
Write- Current, Nyse. ssid cave det aveviealvnecuenncanydsasnedeneanes 15-65mA 


Write Head Inductance, Ly 
Write Head Resistance, Rw 
Read Bias: 


Gurr nty jigs chete ct ceeehsaacsenecaccecasnexseteteesentaraceacanne 2-10mA 
Voltage): Vip senvedsoesacnse steed soeenceasedetacsesacetennss 100 - 500 mV 
Read Head Inductance, Lyp ........eeeeeeeeeee eect eeee eee ee ee eee eee 10 nH 
Read Head Resistance, Ryp........-.- 30 - 80 Q (Imr*Rmr<700mV) 


Junction Temperature, Ty ...........c cece cece cece eee ee 0°C to 125°C 


GENERAL DESCRIPTION 


Serial Interface Controller 
The VM546112 uses a 3-line read/write serial interface for 


control of most chip functions including head selection, reader 


bias current/voltage magnitude and write current magnitude. 
See SERIAL PORT on page 203 for protocol descriptions, bit 


descriptions and timing information. 


Preamplifier Configuration and Selection 

All control lines on the VM546112 may be shared, including 
the serial lines SCLK, SDIO and SENA. Default settings are 
listed in Table 90 on page 209. 


OPERATING MODES 
Pin and register combinations select read/write, servo track 
write or mode operations as shown in Table 83. The active chip 
in multiple preamp configurations is selected as shown in Table 
84. 
Note: VTC recommends using Voltage mode as the write data 
input when servo writing in a multiple preamp application. 


Table 83 Mode Select 


Pin Register:Bit 
R/WN | BIASN|SLEEPN IDLEN|SERV1|SERVO| Operational 
pin 5>\pin 13>, 1:<D2> |1:<D3>|3:<D7>|10:<DO0> Mode 
Xx Xx 0 Xx Xx Xx Sleep 
x x 1 0 x Xx Idle 
1 0 1 1 0 0 Read 
0 1 1 1 0 0 Write 
0 0 1 1 0 0 Write 
Bias Active 
0 1 1 1 0 1 Servo ! 
0 1 1 1 1 0 Servo ! 
0 1 1 1 1 1 Servo ! 
0 0 1 1 1 1 Servo 
Bias Active 


1. SERVOO and SERVO1 settings must match, or a Servo fault. See Table 85. 
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Table 84 Multiple Preamplifier Addressing 


Pin/Address Values Selected 
CS1/A2 CSO/A1 Preamp 
0 0 0 
1 0 1 
0 1 2 
1 1 3 
Note: Address bits AT and A2 must match the value of CSO and 


CS1 to correctly address the preamplifier. See Table 87 
for Preamplifier Addressing. 


Sleep Mode 

In the sleep mode power consumption is minimized. All 
outputs are disabled (except in test mode). The writer current 
source and the reader bias current/voltage source are 
deactivated while the RDN/RDP outputs and the WDX/WDY 
inputs switch to a high impedance state. Faults are not detected 
in Sleep Mode. 

Sleep mode is selected by setting 4:<D2> = 0, see Tables 83, 
88 and 89. 

Note: Always transition from Sleep to Idle mode 10 us before 

entering an active mode. 


Idle Mode 

The internal write current generator, write current source and 
read bias current/voltage source are deactivated while the 
RDN/RDP outputs and the WDX/WDY inputs switch to a high 
impedance state. The serial register contents remain latched 
and filter capacitance bias is maintained to reduce power-up 
delay. Faults are not detected in Idle Mode. 

Idle mode is triggered by setting 4:<D3> = 0, see Tables 83, 88 
and 89. 


Dummy Mode 

Setting DUMMY (1:<D5>) high directs the MR bias 
current/voltage to an internal dummy head. This maintains the 
reader bias at operational levels for quick read recovery. 


Test Modes 

Test modes allows the user to calculate the read head 
resistance or to monitor the die temperature or buffered head 
voltage. 
Read Head Resistance 

The resistance of the MR head can be measured in three 
ways: an automatic digital conversion, an iterative method using 
DBHV and threshold settings to trigger or not trigger a fault, or 
by monitoring the ABHV output. 
Digital Conversion 

To perform digital conversion of the read head resistance: 

1) Place device in Read Mode (see Table 83). 

2) Set the RMR/TEMP bit (8:<D7>) low to enter the MR 
resistance measurement mode. 

3) Set DIGON bit (9:<D1>) high and wait 50us for the 
preamp to convert the resistance. (DIGON automatically 
resets low when the conversion is complete.) 

4) The resistance is stored in DSTRO-6 as a 7-bit word ina 
direct binary format. For example, if 9:<D7-D1> = 
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0010000 the MR head resistance is 16 ohms. (The 
measurement range for MR resistance is 0 - 127 Q.) 
Note: MR bias current is always enabled in this mode. 


Iterative Resistance Reading 
To perform the iterative resistance reading: 

1) Place device in Read Mode (see Table 83). 

2) Set the DBHV bit high (1:<D4> = 1) to enter the MR 
resistance measurement mode. 

3) Monitor the FLT/ABHV/DBHV pin to determine the 
voltage across the MR element: 

- A high indicates the voltage is within the window (150mv to 
320mv). 
- A low indicates the voltage is outside the window. 

4) Vary the MR bias current (2:<D2-D7>) to determine 
where the defined thresholds are crossed. The FLT line 
is not valid until the Iyp_ change settles; values for this 
are listed in "READ CHARACTERISTICS" on page 215. 

5) Resistance can be inferred from the threshold settings. 


Buffered Head Voltage 
To output the MR head voltage on the FLT/ABHV/DBHV pin: 

1) Place device in Read Mode (see Table 83). 

2) Set ABHV bit (1:<D7>) high to output the MR head 
voltage as scaled by a gain of 5. 

Note: If ABHV and DBHV are both high, ABHV takes prece- 
dence. See the truth table in PIN FUNCTION LIST AND 
DESCRIPTION on page 211. 
Die Temperature Monitoring 
The die temperature range is 0°C to 150°C. To measure the 
die temperature: 

1) Set RMR/TEMP (8:<D7>) high to enable the die 
temperature. 

2) Set DIGON bit (9:<DO>) high and wait 50us for the 
preamp to convert the temperature. (DIGON 
automatically resets low when the conversion is 
complete.) 

3) The die temperature is stored in DSTRO-6 as a 7-bit 
word in a binary format using the formula below. For 
example, if 9:<D7-D1> = 0100000 the die temperature is 
38°C (32°C x 1.18). 


T = 1.18k (eq. 41) 


where k = 0 - 127 and T is degrees Centigrade 


Read Mode 

In the read mode, the circuit operates as a low noise 
differential amplifier that senses resistance changes in the 
reader element which correspond to flux changes on the disk. 

Read mode is selected by setting the R/WN pin high. In the 
read mode the bias generator, the input multiplexer, the read 
preamp and the read fault detection circuitry are active. 

The VM546112 uses the voltage-sensing reader architecture 
with biasing programmable as current or voltage. The magnitude 
of the reader bias current/voltage is set to the value programmed 
in 2:<D2-D7>. The equations below govern the read bias 
current/voltage magnitude: 


Current Mode 


. 42 
Ive = 2+ [kyyp: 0-127]mA ee 
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Voltage Mode 


. 43, 
Vr = 100+ [kp 6.35]/mV a 


kip = 0 to 63 


The reader operates in one of two constant bias modes: 

* Current bias mode is selected by setting 1:<D6> = 0, and 

* Voltage bias mode is selected by setting 1:<D6> = 1. 
Note: Any transition between current and voltage bias modes 

must occur in the Sleep mode. 

In the current bias mode a constant current is applied to the 
MR element. In voltage bias mode a constant voltage is applied 
to the MR element. The applied value is programmed in 
2:<D2-D7>. 

Read head center voltages are controlled in all modes and are 
held near ground potential. This reduces the possibility of 
damaging head-media arcing and minimizes current spikes 
during disk contacts. Selected heads are held within +500mV of 
ground and unselected heads are held at approximately 
-800mV. 

The reader enters a fast recovery mode during modal 
transitions, serial register operations, and when the reader is 
biased during a write mode. The fast recovery mode minimizes 
signal anomalies on the reader outputs. 

Fault Detection in Read Mode 

In the read mode, a TTL low on the FLT/ABHV/DBHV or the 
TA pin indicates a fault condition. Fault codes, conditions and 
the modes in which they are valid are listed in Table 91. 

Specific fault conditions may be disabled by setting the Fault 
Reporting Mode, 7:<D6-DO> as shown in Table 92. The default 
setting (0000) is to enable all faults. 

Fault codes may be cleared by setting the Clear Fault bit, 
7:<D7> = 1. The following are valid read fault conditions: 

+ MR Bias Not Enabled 

¢ MR Overcurrent 

* Thermal Asperity Detected ' 

* Read Head Open 

* Low Veco, Vopm Or Vee 

* Overtemperature 

. Thermal asperity is flagged on TA pin, all other flagged on FLT/ABHV/DBHV pin. 
Read Gain 

The default gain is 100 V/V with a head resistance of 55Q. 
Read Gain may be increased in 50V/V increments using a 2-digit 
binary code in 3:<D2-D3>. The formula that describes the actual 
gain is shown below: 


= 


475 


AIN = ——> 
. 420+Ryp 


[100 + 50(kg an] (eq. 44) 


kgain = 9-3 

Reader Boost 

Setting Reader Boost (RB) bit high (8:<D5> = 1) increases the 
read gain by 3dB at 80 MHz. 
Fast Mode 

Setting the FAST bit (1:<D1>) high in read mode, raises the 
low corner frequency to 5MHz. If the FAST bit is low, the low 
corner frequency is set to the value programmed in LFP 
(3:<D0O-D1>). 
Thermal Asperity Detection and Recovery 
Detection 
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Setting the TAD bit high (5:<D6>) enables positive or negative 
thermal asperity detection. 

If a head-to-disk contact occurs, the thermal asperity in the 
read element will result in a fault condition. The range of the 
voltage threshold is governed by the following equation and is 
set in 5:<D0-D4>: 


k 
Vrar = 50+ [900% (42) (eq. 45) 


31 


Vrar represents the TA threshold (output-referred in mVpk). 
krar represents the TA DAC setting (0-31). 


Note that a fault condition resulting from a thermal asperity will 
remain active until the positive or negative hysteresis is <20% of 
the threshold. 

A TA fault is reported on the TA pin, not the FLT pin. The TA 
and FLT pins may be externally connected to acommon point as 
shown in the TYPICAL CONNECTION DIAGRAM on page 212. 


Fast Recovery 

Setting the TA Compensation (TAC) bit high (5:<D5> = 1) 
automatically initiates the Fast Recovery mode if a thermal 
asperity is detected. 

The low frequency corner is raised to 5MHz from the nominal 
value programmed in 3:<D0-D1>. Raising the low frequency 
corner removes the low frequency component of the asperity 
event and allows the preamp to reach its DC operating point 
rapidly after a thermal asperity occurrence. 

Note: The TA detection circuitry must be enabled in 5:<D6>, 

and TA pin is inactive when preamp is in write mode. 


Write Mode 

In the write mode, the circuit operates as a write current switch, 
driving the thin-film write element of the head. 

Write mode is selected by setting the R/WN pin low. 

The magnitude of the write current is determined by the write 
current registers (4:<D3-D7>). The following equation governs 
the write current magnitude: 


Iw = 15+ (kp: 1.61)mA (eq. 46) 


lw represents the write current (mA flowing to the selected head). 
kw represents the write current DAC setting (0 to 31). 


The write data (PECL) signals on the WDX and WDY lines 
drive the current switch of the selected head. 
See Figure 64 for the timing diagram on page 218. 


Write Current DAC 
Register 4:<D3-D7> represent the binary equivalent of the 
DAC setting (0-31). 


Read Bias Enabled in Write Mode 

Taking the BIASN pin low (at least 5us before the R/WN pin is 
set high) enables reader bias current/voltage to the selected 
head. The read circuitry is in its normal “read” state except that 
the outputs are disabled. Another circuit is enabled to maintain 
the common-mode voltage at the reader outputs, thereby 
substantially reducing write-to-read transition times. 
Write Data Modes 

Setting the WVORI bit low (1:<D1>) initiates Write Data Inputs 
in Voltage Mode. Setting the WVORI bit high initiates the Write 
Data Inputs in Current Mode. 
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Fault Detection in Write Mode 

In the write mode, a TTL high on the FLT/ABHV/DBHV pin 
indicates a fault condition. Fault codes, conditions and the 
modes in which they are valid are listed in Table 91. 

Specific fault conditions may be disabled by setting the Fault 
Reporting Mask, 7:<D0-D6> as shown in Table 92. The default 
setting (000000) is to enable all faults. 

Fault codes may be cleared setting the CLRFC, 7:<D7>, high. 

The following are valid write fault conditions: 

« Write Data Frequency Low 

* Open or Shorted Write Head 

* Servo Fault 

* Low Voc, Voom | Or Vee > 

* Overtemperature 

* Invalid Head Selected 


= 


. If Vppn is not supplied, the fault is disabled. 
. Low V fault disables write current until proper level is restored. 


= 


Servo Write Mode 

In the servo write mode, up to eight channels may be written 
simultaneously. 

Table 89 indicates how heads can be selected for individual or 

simultaneous writing. 

Note: VTC recommends using Voltage mode as the write data 
input when servo writing in a multiple preamp application. 

Setting both the SERVOO and SERVO1 bits (10:<D0O> and 
3:<D7>) to ‘1’ and holding the R/WN pin low places the preamp 
in servo write mode (see Table 83). 

The BANK bit (10:<D7>) permits writing to even or odd head 
combinations: high writes to even and low writes to odd heads. 
A high in SHDn (10:<D1-D6> selects the specific head on which 
to perform the servo write. The default setting is to select no 
heads (10:<D7> = 0 and 10:<D1-D6> = 000000). 

Note: It is the customer’s responsibility to make sure the ther- 
mal constraints of the die/flex/package are not exceeded. 
(This could be achieved by lowering the supply voltage, 
reducing the write current or cooling the device.) 

A servo fault is generated if the SERVOO and SERVO1 
(10:<DO0>, 3:<D7>) settings do not match as shown in Table 85. 


Table 85 Servo Faults 


SERVO1 SERVOO Mode Fault 
3:<D7> 10:<DO> 
0 0 Active ' No 
1 0 Active | Yes 
0 1 Active | Yes 
1 1 Servo No 
1. Active includes all modes (read, write, idle, sleep or test), except servo. 
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SERIAL PORT 


Serial Interface 

The VM546112 uses a 3-line read/write serial interface for control of most chip functions including head selection, reader bias 
current/voltage magnitude and write current magnitude. See Tables 87 and 88 for a bit description. 

The serial interface has two input lines, SCLK (serial clock) and SENA (serial enable), and one bidirectional line SDIO (serial data 
input/output). The SCLK line is used as reference for clocking data into and out-of SDIO. The SENA line is used to activate the SCLK 
and SDIO lines and power-up the associated circuitry. When SENA is low only the output D-latches and the reference generators 
remain active. An internal pull-down resistor is connected to SENA to ensure power-up in a non-writing condition and to prevent 
accidental writing due to open lines. 

16-bits constitute a complete data transfer as shown in Figure 61. 

* The first 8-bits <A7-A0> are write-only and consist of: 

- one read/write command bit <A0> (high for read, low for write), 
- two preamp address bits <A2-A1>, 
- four register address bits <A6-A3>, and 
- one unused bits <A7>. 
* The second 8-bits <D7-D0O> consist of data to be written-to or read-from the control registers. 
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A data transfer is initiated upon the assertion of the serial enable line (SENA). Data present on the serial data input/output line (SDIO) 
will be latched-in on the rising edge of SCLK. During a write sequence this will continue for 16 cycles; on the falling edge of SENA, the 
data will be written to the addressed register. 

During a read sequence, SDIO will become active on the falling edge of the 8th cycle (delayed to allow the controller to release control 
of SDIO). At this time <DO> will be presented and the data will be clocked from the SDIO line on subsequent rising edges of SCLK. 

Note: Data transfers should only take place in idle or write modes. I/O activity is not recommended in read mode. The reader 

invokes a fast mode while a serial interface operation occurs. 

See Tables 87 and 88 for a bit description. See Table 86, and Figures 62 and 63 for serial interface timing information. 


Clk 1 Clk 16 


CT nn © 0 2.o a0 A 2w Ao ew Aw Ae ae oe Ae Oe ee ao ae 
Preamp Register Address Bits Unused Data Bits 
Address Bits 


SDIO cRiw X Ai X a2 Xas Kas Xas Kas XAT X Do X 01 X D2 X ds X d4 X D5 X 06 X 07 ) 


SENA / L 


Figure 61 Serial Port Protocol 
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Table 86 Serial Interface Parameters 
DESCRIPTION SYMBOL MIN NOM MAX UNITS 
Serial Clock (SCLK) rate, write 40 MHz 
SENA to SCLK delay Tears TBD nS 
SDIO setup time, write le TBD ns 
SDIO delay time, read Tyas TBD TBD nS 
SDIO hold time Tah TBD nS 
SCLK cycle time Te TBD nS 
SCLK high time Toxh TBD nS 
SCLK low time Toxi TBD nS 
SENA hold time Tohia TBD nS 
Time between I/O operations Tg TBD nS 
Time to activate SDIO Tse TBD TBD nS 
Duration of SerEna (read) Tra TBD nS 
Duration of SerEna (write) Twat TBD nS 
Note: SENA assertion level is high. 
ig TO | Tekh ' Toki: 


SDIO Rwb Al A2 =. iS 


<x | 

'Tdh 
SCLK 

is + Tact 
SDIO 
SENA 


Figure 63 Serial Port Timing - Tristate Control during Read Operation 
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Serial Registers 
8-bit registers are accessible for read/write operations via the serial interface. Table 87 lists the serial address for each register. Table 
88 lists the data contents of the register set. A description of the individual bits is provided in Table 89. 


o 
ac = 
Table 87 Serial Interface Addressing = ul 
: Register Pream ; e 
Registers Address Bits Address ae Caen 
<A7> <A6> <A5> <A4> <A3> <A2> <A1> <A0> 
0 xX 0 0 0 0 
1 xX 0 0 0 1 
2 xX 0 0 1 0 
: s : Preamplifier Select Bits 
il I 
2 . ; : ; See Table 84 for valid 0 = write 
- X 0 7 F 0 wan values with} 1 = read 
= 7 ji ; ; ; multiple preamps. 
8 X 1 0 0 0 
9 x 1 0 0 1 
10 x 1 0 1 0 
Table 88 Serial Interface Bit Map - Base Registers 
; : Data Bits 
Functor Registers <D0> <D1> <D2> <D3> <D4> <D5> <D6> <D7> 
Head Select 0 ‘ : : : HSO HS1 HS2 HS3 
Control 1 FAST WVORI | SLEEPN IDLEN DBHV DUMMY V/V ABHV 
IMR 2 GAINO GAIN1 IMRO IMR1 IMR2 IMR3 IMR4 IMR5 
Poles 3 LFPO LFP1 BWOo BW1 USCO USC1 USC2 SERVO1 
Write Current/ 4 OSCO OSC1 OSC2 IWO IW1 Iw2 IW3 IW4 
Thermal Asperity 5 TADO TAD1 TAD2 TAD3 TAD4 TAC TAD 1 
Vendor ID 62 VENDO VEND1 VEND2 VEND3 VEND4 REVO REV1 REV2 
Fault Mask/Clear 7 FLTO FLT1 FLT2 FLT3 FLT4 FLT5 FLT6 CLRFC 
Fault Code 8 FCoDo | Fcop1 | FCOD2 | FCOD3 1 rB | trosc | PMA 
Data Storage/Digital 9 DIGON DSTRO DSTR1 DSTR2 DSTR3 DSTR4 DSTR5 DSTR6 
Servo 10 SERVOO | SHDO/1 SHD2/3 SHD4/5 SHD6/7 SHD8/9 | SHD10/11 BANK 
1. Reserved. 
2. Read Only Register/Bits: 
Register 6:<D0-D4> is the Vendor ID code (VTC=TBD), 
Register 6:<D5-D7> is the Vendor revision code. Initial revision shall be (REVO = 0, REV1 =0, REV2 = 0), 
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Table 89 Serial Register Data Bit Descriptions 
Register | Bits Function Symbol Description 
0 DO-D3 Reserved 
D4-D7 Head Select HSn Binary selection of head HS3 HS2 HS1 HSO 
Head Select 0:<D7>|0:<D6>/0:<D5>|0:<D4> 
0 0 0 0 0 
1 0 0 0 1 
2 0 0 1 0 
3 0 0 1 1 
4 0 1 0 0 
5 0 1 0 1 
6 0 1 1 0 
7 0 1 1 1 
8 1 0 0 0 
9 1 0 0 1 
10 1 0 1 0 
11 1 0 1 1 
1 DO Fast Mode FAST | Raises low corner frequency 5 MHz 
0 = Disable 
1 = Enable 
D1 Write Voltage or Current | WVORI | 0 = Voltage mode write data inputs. 
1 = Current mode write data inputs. 
Note: VTC recommends using Voltage mode as the write data input 
when servo writing in a multiple preamp application. 
D2 Sleep SLEEPN | 0/1 = See Table 83, “Mode Select,” on page 200 
Note: This bit has precedence over the IDLEN bit (1:<D3>). 
D3 Idle Mode IDLEN | 0/1 = See Table 83, “Mode Select,” on page 200 
Note: The SLEEPN bit (1:<D2>) has precedence over this bit. 
D4 Digital Buffered Head DBHV | 0 = Disable 
Voltage Output 1 = Enable 
Note: DBHV is overridden when ABHV (1:<D7>) is enabled. 
D5 Dummy MR Head Load | DUMMY | 0 = MR Head selected using HSn register (0:<D4-D7>) setting. 
1 = Dummy head resistive load selected. 
D6 Current or Voltage Bias IV 0 = Current bias mode. 
1 = Voltage bias mode. 
Note: Bias level is set in registers 2:<D2-D7> 
Note: Any transition between current and voltage bias modes must occur 
in the Sleep mode. 
D7 Analog Buffered Head ABHV_ | 0 = Disable 
Voltage Output 1 = Enable 
Note: ABHV overrides DBHV (1:<D4>). 
1-206 VTC Inc., 2800 East Old Shakopee Road, Bloomington, MN 55425, 612-853-5100 


990812 


Table 89 Serial Register Data Bit Descriptions 
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Register | Bits Function Symbol Description 
2 DO-1 Gain GAINn_ | Binary selection of MR Reader Gain least significant bit} GAIN1 | GAINO 
Gain 2:<D1>] 1:<DO> 
100 V/V 0 0 
150 V/V 0 1 
200 V/V 1 0 
250 V/V 1 1 
D2-D7 Bias Level IMRn_ | Binary selection of MR Head Current Bias least significant bit 
Current Bias = 2mA (000000) to 10mA (111111) in 0.127mA increments. 
Voltage Bias = 100mV (000000) to 500mV (111111) in 6.35mV incre- 
ments. 
Note: Current or Voltage Bias selected in 1:<D6>. 
3 DO-D1 | Low Frequency (-3dB) LFPn Binary selection of Low Frequency Bandwidth: LFP1 | LFPO 
Bandwidth Low Frequency Bandwidth 3:<D1>] 3:<DO> 
1 MHz 0 0 
2 MHz 0 1 
3 MHz 1 0 
5 MHz 1 1 
D2-D3 Bandwidth BWn Binary selection of Bandwidth: BW1 | BWO 
Bandwidth 3:<D3>] 3:<D2> 
200 MHz 0 0 
250 MHz 0 1 
300 MHz 1 0 
350 MHz 1 1 
D4-D6 Undershoot Control USCn__| Undershoot Control 
TBD % (000) to TBD % (111) in TBD % increments. 
D7 Servo Bank 1 SERVO1 | 0/1 = See Table 85, “Servo Faults,” on page 202 
Note: SERVOO (10:<DO>) must also be selected for a valid servo write. 
Note: Register 10:<D1-D6> defines which heads to servo write. 
4 DO-D2 Overshoot Control OSCn_ | Overshoot Control 
TBD % 000) to TBD % (111) in TBD % increments. 
D3-D7 Write Current IWn Binary selection of Write Current 
15 mA (00000) to 65 mA (11111) in 1.6 mA increments. 
5 DO-D4 Thermal Asperity TAn Binary selection of Thermal Asperity Threshold 
Threshold - MSB TA Range = 50 mV (00000) to 949 mV (11111) in increments of 29 mV. 
D5 Thermal Asperity TAC 0 = No TA Compensation. 
Compensation 1 = TA Compensation selected. 
Note: TA Detection must be enabled in 5:<D6> for TAC to function. 
D6 Thermal Asperity TAD 0 = TA Detection disabled. 
Detection 1 = TA Detection enabled. 
D7 Reserved 
6 DO-D4 Vendor Code VENDn | Binary Vendor Code (10000 = VTC) 
REVn_ | Binary Revision Count: 
D5-D7 Revision of Part Revision 1 (000) to Revision 8 (111). 
Count restarts at 1 after exceeding 8. 
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Table 89 Serial Register Data Bit Descriptions 
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Register 


Bits 


Function 


Symbol 


Description 


7 


DO-D6 


Fault Mask 


FLTn 


Fault Reporting Mask 
See Table 92. 


D7 


Clear Fault Codes 


CLRFC 


0 = Retain faults 
1 = Clear faults 
Note: CLRFC resets to 0 after fault codes clear. 


DO0-D3 


Fault Condition 


FCODEn 


Binary code of Fault(s) 
See Table 91. 


D4 


Reserved 


D5 


Read Boost 


RB 


0 = Disable 
1 = Enable 


D6 


Test Bit 


TTOSC 


Manufacturer’s test bit - Reserved 


D7 


MR Head Resistance or 
Die Temperature 


RMR/ 
TEMP 


0 = MR Head Resistance stored in DSTRn register (9:<D1-D7>). 
1 = Die Temperature stored in DSTRn register (9:<D1-D7>). 


DO 


Internal Digital Conversion 


DIGON 


0 = Analog-to-digital conversion off 

1 = Start analog-to-digital conversion 

Note: DIGON resets to 0 when analog-to-digital conversion completes. 
Note: Reader Resistance or Die Temperature output is selected in TBD 
and the measurement is stored in 9:<D1-D7>. 


D1-D7 


Data Storage 


DSTRn 


Data storage of binary output from MR Head Resistance or Die Tempera{ 
ture: 

Resistance range is 0 to 127 Ohms. 
Temperature range is 0 to 150°C. 

Note: 9:<DO> selects analog or digital output. 


10 


DO 


Servo Bank 0 


SERVOO 


0/1 = See Table 85, “Servo Faults,” on page 202 

Note: SERVO1 (3:<D7>) must also be selected for a valid servo write. 
Note: Register 10:<D1-D6> defines which heads to servo write. Default is 
to servo write all heads (see Table 90). 


D1-D6 


Servo Head Select 


SHDn 


Binary selection of the head pairs to be servo track written. 

- Bit 1=1 selects HDO or HD1. 

- Bit2=1 selects HD2 or HD3. 

- Bit 3 =0 deselects HD4 or HD5. 

- Bit 4=0 deselects HD6 or HD7. 

- Bit 5 =0 deselects HD8 or HD9Y. 

- Bit 6 =0 deselects HD10 or HD11. 
Register 10:<D7> defines whether even or odd numbered heads are 
selected from the active pairs. Default is no head selected (see Table 90). 
Examples when the default (odd) head bank is selected (10:<D7> = 0): 
1. 001000 = Servo Write Head 7. 
2. 000011 = Servo Write Heads 1 and 3. 
Note: SERVOO and SERVO1 (10:<DO> and 3:<D7>) must be selected to 
servo write. 


D7 


Servo Bank Select 


BANK 


0 = Odd head bank selected 

1 = Even head bank selected 

Note: Register 10:<D1-D6> defines the head combinations to servo write. 
Default is to servo write the odd head bank (see Table 90). 

Note: SERVOO and SERVO1 (10:<D0O> and 3:<D7>) must be selected to 
servo write. 


1-208 


VTC Inc., 2800 East Old Shakopee Road, Bloomington, MN 55425, 612-853-5100 


\/ 
990812 VM546112 wS 


Table 90 Power-on Reset Register Values 


Function Register Number Pawepran Reset Velde g 
<D7-D0> S < 
Head Select 0 <0000 XXXX> cc 
Control 1 <0000 0000> 
Bias/Gain 2 <0000 0000> 
Poles 3 <0100 1100> 
Write Current/Overshoot 4 <0000 0100> 
Thermal Asperity 5 <0000 0000> 
Vendor ID 6 <XXXX XXXX> 
Fault Mask/Clear 7 <0000 0000> 
Fault Code 8 <0X0X 0000> 
Data Storage/Digitization 9 <0000 0000> 
Servo 10 <0000 0000> 
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Fault Reporting and Masking 


Table 91 Fault Conditions and Codes 


Fou’ Sig Fault Priority "| Valid Mode(s) | Mask2 Conditions 
0000 No Fault - Read or Write - 
0001 Reserved - - - 
0010 MR Overcurrent 2 Read M 
0011 Thermal Asperity Detected 6 Read M 
0100 Read Head Open 7 Read Ms 
0101 Reserved - - - 
0110 Write Data Frequency Low 5 Write M 
0111 Write Head Open/Shorted 3 Write M 
1000 Servo Fault 8 Write Unmatched servo bank bits 
. Disables write current 
100% Low Veo; Voom of Vee : Readon wine M until proper voltage level is restored 
1010 Reserved - - - 
1011 Overtemperature ) Read or Write M Temp > 140°C 
1100 Reserved - - - 
1101 Reserved - - - 
1110 Reserved - - - 
1111 Reserved - - - 


1. First fault reported is latched until a higher priority fault is reported or the code is cleared. 
2. See Table 92 for an explanation of fault masking. 
3. Single bit masks both faults. 


Setting the appropriate bit(s) listed in Table 92 masks the fault(s) at both the fault register and the FLT pin. If 7:<D7-D0> = 0000 
0101, an MR Overcurrent fault is masked with the 7:<D0> bit and Read Head Open and Read Head Shorted faults are masked with 
the 7:<D2> bit. 


Table 92 Fault Masking 


Be letar . Fault(s) Masked ! sapien Masked Fault 
<D0O> MR Overcurrent <D4> Write Head Open/Shorted 
<D1> Thermal Asperity Detected <D5> Low Vcc; Vppm OF Vee 
<D2> Read Head Open <D6> Overtemperature 
<D3> Write Data Frequency Low Note: Setting <D7> = 1 clears all fault codes in 8:<D0-D3>. 


1. Single bit masks both Read Head Open and Read Head Shorted faults. 
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PIN FUNCTION LIST AND DESCRIPTION 


. Logic Level a 
Signal Input/Output Default 1 Description , 
FLT/ABHV/DBHV oO? - Write/Read Fault and Buffered Oniauit ABHV DBHV = 
Head Voltage (Analog or Digital) as P 1:<D7> 1:<D4> =i 
shown in truth table: FLT 0 0 - 
¢ Fault (FLT) output: 
- ATTLhigh level indicates a DBHV 0 1 
fault in write mode. ABHV 1 0 
- ATTLlow level indicates a fault 
in read mode. ABHV . : 
* Analog or Digital Buffered Head 1. ABHV overrides DBHV setting. 
Voltage output when ABHV Output is Analog Buffered Head Voltage (ABHV). 
and/or DBHV is enabled. 
GND S - Ground 
HRON-HR11N | - Read head connections, negative end. 
HROP-HR11P | - Read head connections, positive end. 
HWOX-HW11X O - Thin-Film write head connections, positive end. 
HWOY-HW11Y O - Thin-Film write head connections, negative end 
R/WN 12 high Read/Write: 
A TTL low level enables write mode. 
BIASN high MR Bias: 
* A TTL low level enables bias current through the active head. 
RDP, RDN Gs - Read Data: 
Differential read signal outputs. 
SCLK [= low Serial Clock: 
Serial port clock; see Figure 61. 
SDIO 0 ? low Serial Data: 
Serial port data; see Figure 61. 
SENA [4 low Serial Enable: 
Serial port enable; see Figure 61. 
TA 0? high Thermal Asperity: 
* When 5:<D6> = 1 (TA Detection enabled): 
- A TTL high level indicates no TA. 
- A TTL low level indicates a TA exceeded the threshold programmed in 
5:<D0-D4>. 
Note: TA pin is inactive when preamp is in write mode. 
VCC s - +5.0V supply 
VDDM 12 = +3.3V supply, monitor pin only 
VEE 7 7 -5.0V supply 
WDX, WDY 12 high Differential Pseudo-ECL write data inputs 


SZ 


5 


VM546112"%8 


1. 40kQ pullup/pulldown resistors are used to default pins to specified high or low levels. 
2. When more than one device is used, these signals can be wire-OR’ed together. 
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TYPICAL CONNECTION DIAGRAM 


uv 
7 = a HWnx tay, HOV 
ha 5 HWnY vec, 4 voc ——_4 
D 
FLT |—p—¢ FLT 
5 HRnP 5kQ. 5kO. 
L_| HRnN TA |,» TA _| 
5kQ. 
GND Fault Connection 
le Alternatives 
+5V 
vcc 
+3.3V 
VDDM 
RDX | 
5V T Read 
~ | Output 
Vee RDY | 


Note: The structure placements in the diagram are not meant to indicate pin/pad locations. The connections shown will apply regard- 
less of pin/pad location variation. 


Application Notes: 


* Power supplies have been separated by Read/Write functionality to reduce noise coupling. 
If separate supplies are not available, VTC recommends that the supply lines be connected externally some distance from the 
preamp. 


Data transfers should only take place in idle or write modes. I/O activity is not recommended in read mode and will result in reader 
performance degradation. 


« VTC recommends placing decoupling 0.1 uF and 0.01 uF capacitors in parallel between the following pins: 
VCC - GND 
VEE - GND 

* For maximum stability, place the decoupling capacitors as close to the pins/pads as possible. 

* Minimum FLT pullup resistance is 5 kQ. 
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STATIC (DC) CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. Iyja=5 MA, ly = 50 mA. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 0 
= 
Read Mode 92 TBD =< 
oc 
Write Mode 93 175 o 
mA 
Voc Power Supply Current loc Write Mode, Reader Biased 135 TBD 
Idle Mode 15 TBD 
Sleep Mode 500 TBD HA 
Read Mode 38 TBD 
Write Mode 68 150 
mA 
Vee Power Supply Current lee Write Mode, Reader Biased 86 TBD 
Idle Mode 2 TBD 
Sleep Mode 20 TBD HA 
Read Mode 650 TBD 
Write Mode 805 TBD 
Power Supply Dissipation Py Write Mode, Reader Biased 1105 TBD mW 
Idle Mode 85 TBD 
Sleep Mode 2.6 TBD 
Input High Voltage Vin TTL 2.0 Veo 
Input Low Voltage ViL TTL -0.3 0.8 
Input High Current, Vi, = 2.0V Ny PECL 120 
HA 
TTL 80 
PECL 100 
Input Low Current, V;, = 0.5V lie HA 
TTL -160 
Output High Current lon FLT: Voy = 5.0V 50 HA 
Output High Voltage Vou TTL, loy=TBD 2.40 Voc V 
Output Low Voltage VoL TTL, lop = 4mA 0.6 V 
Voc Fault Threshold VetH 3.75 4.0 4.25 V 
Hysteresis = 100mV +10%, 
Veg Fault Threshold VetH -4.25 -4.0 -3.75 V 
PECL 1.9 Voc Vv 
High Level WDATA 
Current Mode (sink) 25 100 200 HA 
PECL 1.5 Vin - 0.4 Vv 
Low Level WDATA 
Current Mode (sink) 0.8 2.0 4.0 mA 
WDATA PECL swing Voltage mode differential 0.4 1.5 Vop 
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STATIC (DC) CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. Iyp_=5 mA, ly = 50 mA. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 


Voltage compliance for WDATA CMM of inputs when in current mode Voc -2.3 V 


a) 
a) 
fe 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iya = 5MA, Lug = 30NH, Ry, = 55Q. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Reader Head Current Range le 2 10 mA 
Reader Head Current Tolerance 2MA < Iya < 10 mA, -5 +5 % 
Reader Head Voltage Range Vur 100 500 mV 
Reader Head Voltage Tolerance 100 mV < Vu, < 500 mV, 5 +5 % 
Unselected Reader Head Current 100 HA 
VIN = 1mVpp @ 20MHz, 
Rigi = TBD, 100 VV 
Differential Voltage Gain Ay Gain Bits = 00 
Gain Bits = 11 250 V/V 
: f = 80 MHz, Gain bit = 0, 
Gain Boost BOOST RB bit = 1 3 dB 
-1dB TBD TBD TBD 
Passband Upper Frequency Limit fur 
No Boost, -3dB 350 
-1dB TBD TBD TBD 
Passband Lower Frequency Limit fir 
-3dB, normal mode, LFP = 00 1 MHz 
Input Noise Voltage en 1 MHz <f < 100 MHz 0.55 nV/VHz 
Ive = 8 MA, —_ 
Input Noise Bias Current in Noise independent of Ima 8 pA/VHz 
1 MHz <f < 100 MHz 
1 MHz <f < 10 MHz TBD dB 
Noise Peaking 
10 MHz < f < 200 MHz TBD dB 
Differential Input Capacitance Cin 2 4 pF 
Differential Inout Resistance Rin 400 Q 
AC input V where Ay falls to 90% 
Dynamic Range DR of its value at Vy = TBD @ f = 20 6 MV pp 
MHz 
Vom = TBD mVpp, 40 
e Mod 10 MHz <f < 200 MHz 
ommon Mode 
Rejection CMRE 1 MHz <f < 10 MHz 40 aE 
f < 100 kHz 60 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iy_= 5mMA, Lyra = 30NH, Ry, = 55Q. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
o 
100mV,, ON Voc OF Vee, 40 ir = 
10 MHz < f < 200 MHz =i 
a 
Power Supply 100mV,, ON Voc OF Vee, 
Rejection Pane 1 MHz <f < 10 MHz a de 
100mV,, ON Voc OF Vee, 60 
f < 100 kHz 
Unselected Channels: 
Channel Separation cS Vin= 1MV,p, 50 dB 
1 MHz <f < 200 MHz 
er 100 mV,, on pins, 
Rejection of SCLK and SDIO 4 MHz < f < 100 MHz 40 dB 
Output Offset Voltage Vos - 50 mV 
Common Mode Output Voltage Voom 2.0 V 
Common Mode Output Voltage 
Difference AVocm Voom (READ) - Vocw (WRITE) 50 mV 
Reader Head Resistance Rue 30 55 80 
Single-Ended Output Resistance Rseo 25 
Output Current lo 4 mA 
Total Harmonic Distortion THD 0.5 % 
Reader Head Potential, Selected Wis Any point to GND 500 500 cay 
Head 
Reader Head Potential, Unse- 
lected Head Veer ve - 
Reale Differential Voltage 700 ay 
(Ive" Rua) 
ae Bias Current Settling —_ Iya = 4 MA, Ryp= 1002. TBD “a 
ime 
Reader Bias Current Overshoot 2.5 % 
TA Detection Response Time TA occurred to FLT active 40 nS 
Group Delay Variation (20 - 3 dB cutoff) MHz TBD nS 
MR Measurement Accuracy 5 % 
Temperature Measurement 5 
2 Cc 
Accuracy 
BHV Gain 4.75 5 5.25 VIV 


VTC Inc., 2800 East Old Shakopee Road, Bloomington, MN 55425, 612-853-5100 1-215 


~ 


"Wp \/M546112 990812 


WRITE CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: ly = 50mA b-p, L4= 70nH, Ry = 10Q, fpat, = SMHZz, 
0°<T <125°C. 


uv 

m = PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 

= a 

o Write Current Range lw 15 65 mA 
Write Current Tolerance Alw 15 <ly<65mA -8 8 % 
Write Servo Current Tolerance -10 10 % 
Differential Head 
Voltage Swing Von Open Head 8 Vpp 
Unselected Head | { en 
Transition Current me pe 
Differential Output Capacitance Co 6 pF 
Write Data Frequency for Safe 
Condition foata FLT low 1 MHz 
Write Data Time for Fault Inhibit foata Minimum bit transition time 7 nS 

; , : lw = 50 mA b-p, 
Write Current Settling Time twset Head model provided TBD nS 
Write Data Input Terminal Resis- Wen 300 ° 
tor 
lw = 50 mA b-p, 
Write Current Overshoot Woov Head model provided TBD % 
WCP0=0, WCP1=0, WCP2=0 
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SWITCHING CHARACTERISTICS 


Recommended operating conditions apply unless otherwise specified. 


VM546112"%8 


® 
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PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
R/WN to Write Mode trw To 90% of write envelope 30 50 nS 
- sh envelope or 300 nS 
R/WN to Read Mode twr ie 
To 10% of ly envelope 50 nS 
Idle to Read Mode t To 90% of envelope, 5 Ss 
(SCLK 16th rising edge) In DC Offset Level within 20 mV H 
To 90% of envelope, 
DC Offset Level within 20 mV, 1 nS 
TBD - Fixed Iyp- 
HS0-HS2 to Any Head tae To 90% of envelope, 
(SCLK 16th rising edge) DC Offset Level within 20 mv, 
Head Voltage Change not to 3 rhs) 
exceed 150 to 400 mV, Variable 
ln 
Active (16th rising edge) to Idle tri Toda olead onvelopy arts 50 nS 
current 
Safe to Unsafe ! toy 50% WDX to 50% FLT 1.5 uS 
Unsafe to Safe ! tpo 50% WDX to 50% FLT 100 ns 
Head Current t From 50% points, 5 ns 
Propagation Delay ' D3 Ly=0, Ry=132. 
Write Data has 50% duty cycle & 
Asymmetry Asym 0.5nS rise/fall time, L4=0, 100 ps 
Ry=TBD 
10% - 90%, ly = 50 mA b-p, 
Lu=70nH, Ry=109. aie ps 
Rise/Fall Time t, / ts 
Head model provided, lw = 50 nS 
mA b-p, Ly=0nH, Ry=0. 
Read to Servo Write From 50%R/WN to 90% lw 50 nS 
Read to Servo Write 
Head Turn-on Variation TBD ns 
: To 90% envelope, DC offset level 
Servo Write to Read to within 20mV 1 Ss 
SenvG: Wile Game From 50% R/WN to 10% hy TBD nS 
Turn-off Time 
1. See Figure 64 for the write mode timing diagram. 
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wox-woyY | \  / \ / \ a a 
2 = toi 
BS FLT 
a ~<i— tbe 
> rae 
D3 
HWnxX - HWnY  o a a 
(lw) 


In voltage mode: When WDX > WDY current will flow from HWnX to HWnY. 
When WDY > WDX current will flow from HWnY to HWnX. 

In current mode: When sinking current from WDY current will flow from HWnX to HWnY. 
When sinking current from WDX current will flow from HWnY to HWnX. 


Figure 64 Write Mode Timing Diagram * 
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PACKAGING 


Specific Characteristics 


Die size: TBD x TBD Mils 
Wire Bond Coordinates for the VM546112 (in Mils) 


12-Channel Die 


VM546112 “ 


& 


/ 


Pin Name X Axis Y Axis Pad Size Pin Name X Axis Y Axis Pad Size 

BIASN TBD TBD TBD HW3Y TBD TBD TBD 
CSO TBD TBD TBD HW4X TBD TBD TBD 
CS1 TBD TBD TBD HW4Y TBD TBD TBD 
FLT/ HW5X TBD TBD TBD 

DBHV/ TBD TBD TBD HW5Y TBD TBD TBD 
ABHY HW6X TBD TBD TBD 
ND tED = Teh HW6Y TBD TBD TBD 
BND TED feo TEE HW7X TBD TBD TBD 
BRON TED Ut [EE HW7Y TBD TBD TBD 
one nee = aee HW8X TBD TBD TBD 
ally TES La TER HW8Y TBD TBD TBD 
RIE TBD re TBE HW9X TBD TBD TBD 
Ben TEp tee TEP HW9Y TBD TBD TBD 
oper Tee La i HW10X TBD TBD TBD 
eo TEP le Ue HW10Y TBD TBD TBD 
aeet TED fee TEE HW11X TBD TBD TBD 
Bay TEP = FEO HW11Y TBD TBD TBD 
nae TBD 25 TED R/WN TBD TBD TBD 
HR5N TBD TBD TBD ADN TBD TBD TBD 
HR5P TBD TBD TBD RDP TBD TBD TBD 
Bane HED Ls ae0 SCLK TBD TBD TBD 
HAGE TED = TES SDIO TBD TBD TBD 
HN TED Lek TEP SENA TBD TBD TBD 
HR7P TBD TBD TBD TA TBD TBD TBD 
HR8N TBD TBD TBD VeG TED TED TBD 
BASE wer =e TEE VDDM TBD TBD TBD 
HR9N TBD TBD TBD VEE TBD TBD TBD 
HR9P TBD TBD TBD WDX TED TED TED 

HR10N TBD TBD TBD WDY TBD TBD TBD 

HR10P TBD TBD TBD 

HR11N TBD TBD TBD 

HR11P TBD TBD TBD 

HWOX TBD TBD TBD 

HWOY TBD TBD TBD 

HW1X TBD TBD TBD 

HW1Y TBD TBD TBD 

HW2X TBD TBD TBD 

HW2Y TBD TBD TBD 

HW3X TBD TBD TBD 
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12-CHANNEL CONNECTION DIAGRAM 


cso 
csi 
VEE 
vcc 
GND 
VDDM 
SDIO 
SCLK 
SENA 
R/WN 
WDx 
WDY 
BIASN 
FLT/DBHV/ABHV 
TA 
RDP 


HR11N 
HR11P 


HW11Y 


HW11X 
HW10X 
HW10Y 
HR10P 
HR10N 
HRON 
HR9P 
HW9Y 
HW9X 
HW8X 
HW8Y 
HR8P 
HR8N 


HRON 


HROP 


HWOY 


VM546112 Oeen 


ia hs Dies bigs Wipe As age Blea olga of 
a 
x 


HWOX 
HW1X 
HW1Y 
HR1P 
HR1N 
HR2N 
HR2P 
HW2Y 
HW2X 
HW3X 
HW3Y 
HR3P 
HR3N 


12-Channel Die 
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\y 
VOUi8 VIC Inc. 10-CHANNEL, MAGNETO-RESISTIVE 
ENS Value The Customer™ 3 
HEAD, READ/WRITE PREAMPLIFIER 
with SERVO WRITE CAPABILITY 
o 
a 
c= 
990812 August 12, 1999 Ey 
oc 
FEATURES BLOCK DIAGRAM a 
* General GND FLT VEE VCC 
- Designed for Use With Four-Terminal MR Heads O O O O 
- Operates from +5 and -3 Volt Power Supplies 
- Fault Detect Capability hides 
. High Performance Reader ee 
Current Bias / Voltage Sense Configuration ry i 
- MR Bias Current Range 8 - 15 mA RW O Mode 
- Read Voltage Gain = 150 V/V Typical Select aioe 
- Input Noise = 0.60 nV/VHz Typical ne Bs a ] 
: : a () HWOY 
- Input Capacitance = 16 pF Typical a 
WDY © YaQpo {) 


- Head Inductance Range = 100 nH to 500 nH 
- Fast Thermal Asperity Recovery Mode 


z 
| 
mn 
7 
e 
= 
=) 
T 
7 
es 
go 
Thin-Film Writer 


* High Speed Writer WSER QQ. | | Source |__¢) Hwox 
- Write Current Range = 20 -40 mA WC OC I.) Hwy" 
- Rise Time = 2.5 ns Typical (Ly = 220 nH, ly = 30 mA) HS0 Q} 
- Multi-Channel Servo Write HS1 © Head 


- Optional WDFF as a bondable option figs Select 
HS3 
DESCRIPTION 


The VM61210S is an integrated bipolar read/write preamplifier a 
designed for use in high-performance hard disk drive 

applications using 4-terminal magneto-resistive (MR) recording 
heads. It provides bias current and control loops for setti 


DC voltages on the MR element. The VM61210S 
aservo write feature, enabling the user to write se 
directly through the preamplifier. 


© RDP 
© RDN 


MR Reader 


Fault protection circuitry ensures that the current HRON C}—_] 
generator is disabled during power sequencing, voltage faults or 
an invalid head select. This protects the disk from potential 


transients. For added data protection, internal pull-up resistors le_| ba 
are connected to the mode select lines (CS and R/W) to prevent Controller 
accidental writing due to open lines and to ensure the device will RC GQ 
power-up in a non-writing condition. Internal pull-up resistors are 
also provided on the FAST pin (to disable the fast thermal iN a 4 ° & if 
recovery mode) and the WSER pin (to ensure non-servo mode). FAST Gap GaN neaw 
The VM61210S operates from +5V, -3V power supplies. Low 
power dissipation is achieved through the use of high-speed ABSOLUTE MAXIMUM RATINGS 
bipolar processing and innovative circuit design techniques. 
When deselected, the device enters an idle mode which reduces Power Supply: 
the power dissipation. Vibe! states sha lntdudaparedandeeanteisavee Dake atieatinmelies +0.3V to -5V 
The VM61210S is available in die form for chip-on-flex V ce aiietnadentinehastoaaede niet tadeseieunacdenentasteteaaeeany -0.3V to +7V 
applications. Please consult VTC for details. Write. Current ly. . site ncupensuracanesesepukenseaveaesduaseerasavestubaccs 60mA 
Input Voltages: 
Digital Input Voltage Viy ......-.. eee Vee -0.3V to (Voc + 0.3)V 
Head Port Voltage Vy ......... eee Vee -0.3V to (Voc + 0.3)V 
Output Current: 
RDPURDNGIG. sadtasaveengteabstacaitaconsacuomatecoabinacmesactene -10mA 
Junction Temperature 150°C 
Storage Temperature Tog -65° to 150°C 
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RECOMMENDED OPERATING CONDITIONS 


Power Supply Voltage: 


Voc 


Junction Temperature (T,) 0°C to 125°C 


Read Mode 

In the read mode, the circuit operates as a low noise 
differential amplifier which senses resistance changes in the MR 
element which correspond to flux changes on the disk. The bias 
generator, input multiplexer, read preamp and read fault 
detection circuitry is active. —_ = 

The appropriate TTL levels on the CS and R/W lines place the 
preamp in the read mode (see Table 93) and activate the bias 
generator, the read preamp and the read fault detection circuitry. 

The VM61210S uses the current bias / voltage sensing MR 
design. The MR bias current amplitude is determined by an 
external resistor or an external current source and is described 
by the following equation: 


(eq. 47) 


lp represents the magnitude of the bias current (in MA). 
Rec represents the equivalent resistance between the RC pin and ground (in kQ). 
Due to the use of a negative supply, the MR head center 
voltage is at ground potential minimizing current spikes during 


disk contact. S 
as 


Fast Mode (FAST) — 

Applying a TTL low level to the FAST pin enabl 
recovery mode. In fast mode, the first i 
by a factor of three to reduce the recovery rom a thermal 
asperity. 
Fault Detection 

In the read mode, a TTL low on the FLT line indicates a fault 
condition. The fault can be triggered by any of the following 
conditions: 


* MR bias current too high (1.5 times its programmed value) 
« Low power supply voltage 


Write Mode 

In the write mode, the circuit operates as a thin film head write 
current switch, driving the thin film write element of the MR head. 
The write unsafe detect circuitry is activated. 

The appropriate TTL levels on the CS, R/W and WSER lines 
place the preamp in the write mode (see Table 93) and activate 
the write unsafe detect circuitry. 

The write current magnitude is determined either by an 
external resistor or an external current source and is defined by 
the following equation: 


| 40 
w =—— 
Ry 
Rw x (1 + a4) 
wc Rp 
lw represents the magnitude of the write current (in mA). 
Rwc represents the equivalent resistance between the WC pin and ground (in kQ). 


Ry represents the series resistance of the head (in kQ). 
Rp represents the internal damping resistance (in kQ). 


(eq. 48) 
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Write data pseudo-ECL signals on the WDX and WDY lines 
drive the current switch of the thin film writer either directly or via 
the optional internal flip-flop. 

Note: The flip-flop is enabled when the NTFF pad is connected 
to ground (a wire-bond option). 


Fault Detection 

In the write (and servo write) mode, a TTL high on the FLT line 
indicates a fault condition. The fault can be triggered by any of 
the following conditions: 


« WDI frequency too low 

* Open write head 

« Write Head short to ground 

¢ No write current programmed 


In addition to triggering a fault the following conditions will result 
in the shutdown of the write current source internal to the chip: 


« Low power supply voltage 
¢ Invalid head select code 
¢ Non-write mode 


Servo Write Mode — = 

Low TTL levels on WSER, CS and R/W place the chip in servo 
write mode. 

In servo mode, fiv nels of the VM61210S are written 
simultaneous! ontrols the servo mode and pin HSO 
controls whi eads are simultaneously written. See Table 
2fors ction description. 

e: riting multiple heads, there is a limit to the write 
ent duty cycle that can be used without approaching 
the maximum junction temperature. This maximum duty 
cycle is contingent on package type, number of heads 
selected, write current, heatsinking and airflow. DC erase 
using multiple heads will exceed the maximum allowable 
power dissipation. 


Table 93 Mode Select 


cs R/w WSER MODE 
0 1 Xx Read 
0 0 1 Write 
0 0 0 Servo 
1 X X Idle 


DESCRIPTION 
Heads 0, 1, 2, 3, and 4 
Heads 5, 6, 7, 8, and 9 
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Table 95 Head Select 


\/ 
ve12108 Soy 


HS3 HS2 HS1 HSO HEAD 
0 0 0 0 0 
0 0 0 1 1 2 
0 0 1 0 2 cs 
0 0 1 1 3 rs 
0 1 0 0 4 
0 1 0 1 5 
0 1 1 0 6 
0 1 1 1 7 
1 0 0 0 8 
1 0 0 1 9 


Note: All other combinations select an internal dummy head. 


PIN_FUNCTION LIST AND DESCRIPTION 


7) 


9) 
10) 
11) 
12) 
13) 
14) 
15) 
16) 
17) 
18) 
19) 
20) 
21) 
22) 
23) 
24) 
25) 
) 
27) 
28) 


cs 

R/W 
HSO-HS3 
FAST 
WSER 
FLT 


WDX, WDY 


HROP-HR9P | 


HRON-HRON | 


HWOX-HW9X O 
HWOY-HW9Y O 


RDP, RDN 


WC 


RC 


C1 

C2P, C2N 
C3 

BHV 
NTFF 
VEE 

VCC 
GND 


Oo! 


Chip select: 

A TTL low level enables the device. The default is high (disabled). 
Read/Write: 

A TTL high level enables read mode. The default is high (read mode). 
Head Select: 


Selects one of the ten heads. 


Fast Mode: (A 
A TTL low level enables the fast thermal recovery . Thed t is high (disabled). 


Write Servo: 
A TTL low level enables servo mode. The default (non-servo). 
Write/Read Fault: 


A TTL high level indicates a f in ©.” A low level indicates a fault in read mode. 
Write Data Inputs: oS 

Differential reese By 

MR head comg’y 


positive end. 

MR head connections, 

negative end. 

Thin-Film write head connections, positive end. 

Thin-Film write head connections, negative end 

Read Data: 

Differential read signal outputs. 

Write current reference pin: 

Sets the magnitude of write current. 

MR bias current reference pin: 

Sets the magnitude of MR bias current. 

Noise bypass capacitor input for the MR bias current source. 
Reader AC-coupling capacitor. 

Compensation capacitor for the MR head current loop. 
Buffered MR Head Voltage output. 

The write data flip-flop is enabled when this pad is connected to ground. 
-3.0V supply 

+5.0V supply 

Ground 


| = Input pin, O = Output pin 


1 When more than one device is used, these signals can be wire-OR’ed together. 
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STATIC (DC) CHARACTERISTICS 


Recommended operating conditions apply unless otherwise specified. lya= 13mA, |, =30mA. 


990812 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Read Mode 75 88 
Write Mode 123 143 
Voc Power Supply Current loc Idle Mode 4.5 5 mA 
Fast Mode 98 118 
Servo Mode, lw = 20mA 243 278 
Read Mode 51 61 
Write Mode 91 106 
Vee Power Supply Current lee Idle Mode 1.15 1.5 mA 
Fast Mode 71 86 
Servo Mode, lw = 20mA 201 226 
Read Mode 528 686 
Write Mode A 888 1136 
Power Supply Dissipation Py Idle Mode 26 33 mW 
Fast Mode 4 703 933 
Servo M defy 320 1818 2275 
‘eg Wau e 20 Wee Vv 
Input High Voltage Vin 
2.0 Voc + 0.3 V 
PECL Voc - 1.9 Voc - 1.6 V 
Input Low Voltage ViL 
TTL -0.3 0.8 V 
PECL 120 HA 
Input High Current NH 
TTL, Viy= 2.7V 80 HA 
PECL 100 HA 
Input Low Current lie 
TTL, Vi. = 0.4V -160 HA 
Output High Current lon FLT: Voy = 5.0V 50 HA 
Output Low Voltage Vo FLT: Io, = 4mA 0.6 V 
Voc Fault Threshold Vor Veg = -3.0V 3.6 3.8 4.0 V 
Vee Fault Threshold VetH Voc = 5.0V -2.3 -2.1 -1.9 Vv 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. Iypa=13MA, Ry_= 222, Ly, = 80nNH. 


VM61210S 


e 


Za 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
MR Head Current Range Iu 8 15 mA 
MR Head Current Tolerance Iu 8 <Iua<15 MA -5 +5 % 
Unselected MR Head Current 100 LA 
MR Bias Reference Voltage Vac 2667 < Rac < 4000 Q 1.9 2.0 2.1 V 
IRC to MR Bias Current Gain Awe 2667 < Rac < 4000 Q 20 mA/mA 
Vin = 2mV,, @ 5 MHz, 
117 165 213 
Differential Voltage Gain Ay | Ri(RDP, RDN) = 10kQ VV 
Fast Mode 85 157 229 
-1dB, 
Dependent on C2 parasitics a 2 
Passband Upper Frequency ; Fast Mode 50 55 me 
Limit ae 
-3qB, 9 95 
Dependent on C2 parasitics ‘~o 
Fast Mode e 85 
Passband Lower -3dB Fre- e © 04 0.8 MHz 
quency Limit \ gp 
Equivalent Input Noise en 5<f< O 0.60 0.75 nV/VHz 
16 20 
Differential Input Capacitance Cin pF 
ode 20 25 
1200 2100 
Differential Inout Resistance Rin Ww 
Fast Mode 600 1000 
AC input V where Ay falls to 
Dynamic Range DR 90% of its value at Viy = 2mV,, 8 20 mV, 
@ f =5 MHz 
Common Mode Rejection Ratio | CMRR | Voy = 100mVpp, f=10MHz 45 60 dB 
Power Supply Rejection Ratio pepe: |: (me on vee oriee 40 45 dB 
f=10MHz 
. Unselected Channels: Viy = 
Channel Separation Cs 100mV,,, f=10MHz 45 50 dB 
Output Offset Voltage Vos -100 100 mV 
Common Mode Output Voltage Vocm Read Mode Voc - 3.7 Voc - 3.2 Voc - 2.7 V 
Common Mode Output Voltage 
Difference AVocm Voom (READ) - Voc (WRITE) -250 50 250 mV 
Single-Ended Output Resis- FeKs Fead Node 30 50 Q 
tance 
Output Current lo a ali “1.5 +1.5 mA 
RDN 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. Iyg= 13MA, Ry_= 222, Ly, = 80NH. 


PARAMETER CONDITIONS 


Extended Contact, 


MR Head-to-Disk Contact Cur- Poisk=10MQ 
rent 


a) 
a) 
fe 
20 
U 
n 


Maximum Peak Discharge, 


Coisx=S00pF, Roisk=1 OMQ 


MR Head Potential, Selected 
Head 


Buffered Head Voltage Error (IMR * Rui) - BHY 


WRITE CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. ly = 30mA, L4= 220nH, Ry = 25Q, foat, = SMHz. 


PARAMETER CONDITIONS 


WC Pin Voltage 


lwo to Write Current Gain 


Write Current Range 


Write Current Tolerance 20 < ly <40mA 


Open Head, lw = 40mA 
Voc = 4.5V, Veg = -2.7V 


Unselected Head Transition Cur- @) 

rent 

Differential Output Capacitance SF 

Differential Output Resistance 1. internal damping resistor) 
Open Head Detect Frequency = Open Head 


Open Head Detect Resistance lw = 40MA, Voc = 4.6V 


Differential Head Voltage Swing 


Write Data Freq. for Safe Condition FLT low, < 5kQ pullup 


1. Open Head Detection is guaranteed up to a frequency of 17MHz and typically operates to 20MHz. 
2. Open Head Detection is guaranteed up to a head resistance of 26Q and typically operates to 35Q. 


SWITCHING CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. ly = 30mA, Ly = 220nH, Ry = 25Q, foata = SMHz. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Read to Write Mode taw To 90% of write current 0.1 0.15 us 
: To 90% of envelope and +20mV 
Write to Read Mode twr of steady-state offset 1.4 2.0 Us 
To 90% of envelope and +20mV 
Idle to Read Mode tes of steady-state offset 13 20 us 
To 90% of envelope and +20mV 
nota Head ths of steady-state offset ° ? Es 
Read to Idle trl To 10% of read envelope or write 04 05 us 
current 
1 50% WDX to 50% FLT, 
Safe to Unsafe to1 < 5kQ pullup 0.7 1.5 us 
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SWITCHING CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. ly = 30mA, L,= 220nH, Ry = 25Q, fort, = SMHz. 


PARAMETER CONDITIONS 


50% WDX to 50% FLT, 


1 
Unsafe to Safe < 5kQ pullup 


wo 
= 
o 
= 
=u 
a 
a 


Head Current Propagation Delay ' From 50% points 


Write Data has 50% duty cycle & 


esymimoly ins rise/fall time, Ly=0, Ry=0 


20-80% 
Rise/Fall Time 


10-90% 


1. See Figures 65 and 66 for write mode timing diagrams 


wox- WO /\_/\_/ aa 


= toi 
FLT 
a RG 
HWnx - HWnY A 
mt) — \% [ 


Figure 65 Write Mode Timing Diagram (with flip-flop & 
Note: The write current polarity is toggled on ea to low transition of the expression (WDX - WDY). 


A preceding read operation mney so that upon entering the write mode, current flows into the “X” port. 


wox-woY \\ / \ / \_/ (a on 
= to1 
a a 
SS Bee 
D3 
ao = . ae a 


Figure 66 Write Mode Timing Diagram (without flip-flop) 


Note: Without the flip-flop, the write current polarity is defined by the levels of WDX and WDY (shown in the expression WDX - WDY). 
For WDX>WDY current flows into the “X” port; for WOX<WDY current flows into the “Y” port. 
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TYPICAL APPLICATION CONNECTIONS 


990812 


0.05 pF* 


7 aood|boodooadeadd 7 
eo | 
U —— 0.01 pF * 
| [H-— vee 
L] GB Hwey +5V 
. FHL Hwex TF 
f . Ga HR2N 
7 Die Size G HR2P 
a " " G HW1Y 
: 0.157" x 0.197 Go Hwy 
o G HR1N 
al G HR1P 
a See Pad al nwo 
a a HWOX 
7 G+— HRoN 
a Q HROP 
my Ct rnw 
| = FAST 
[ inn 7 [ iL } 't jal TT Co aa if 
I TTT I I TT 
oO Ww - On 7p) 
Ss, 2 > OO Tt eek so 
5kQaS Ss 
+5V 3V 
| | — 
| 
0.1 pF * 


Application Notes 


* Voc = +5V, GND = Ground, Veg = -3 
* Both VCC pads are electrically-connec 


* 


possible. 
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n the die, but external connection is preferred for noise immunity. 


Minimizing parasitics at this node is vital. Place a high quality (low resistance, low inductance) capacitor as close to the die as 
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VM61210S PAD COORDINATES 


Pad Name X Axis Y Axis 
HROP 2357.5 -1019.25 
HRON 2357.5 - 839.25 
HWOX 2357.5 - 659.25 
HWOY 2357.5 - 479.25 
HR1P 2357.5 - 254.25 
HR1N 2357.5 - 74.25 
HW1X 2357.5 105.75 
HW1Y 2357.5 285.75 
HR2P 2357.5 510.75 
HR2N 2357.5 690.75 
HWe2xX 2357.5 870.75 
HW2Y 2357.5 1050.75 
HR3P 1417.0 1852.75 
HR3N 1237.0 1852.75 
HW3X 1057.0 1852.75 
HW3Y 877.0 1852.75 
HR4P 652.0 1852.75 
HR4N 472.0 1852.75 
HW4X 292.0 1852.75 
HW4Y 112.0 1852.75 
HR5P - 112.0 1852.75 
HR5N - 292.0 1852.75 
HW5X - 472.0 1852.75 
HW5Y - 652.0 1852.7 
HR6P - 877.0 1852.7 
HR6N -1057.0 1852.75 
HW6X -1237.0 1852.75 
HW6Y -1417.0 1852.75 
HR7P -2357.5 1100.75 
HR7N -2357.5 920.75 
HW7X -2357.5 740.75 
HW7Y -2357.5 560.75 
HR8P -2357.5 335.75 
HR8N -2357.5 155.75 
HW8X -2357.5 - 24.25 
HW8Y -2357.5 - 204.25 
HR9P -2357.5 - 429.25 
HR9ON -2357.5 - 609.25 
HW9X -2357.5 - 789.25 
HW9Y -2357.5 - 969.25 
GND -2288.0 -1210.25 
NTFF -2288.5 -1451.25 

VCC -2213.5 -1727.75 
FLT -1972.5 -1727.75 
WDX -1617.0 -1727.75 
WDY -1437.0 -1727.75 
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VM61210S "%" 
Pad Name X Axis Y Axis 
GND -1143.5 -1727.75 
WC - 827.0 -1727.75 
C1 - 381.0 -1727.75 
BHV - 140.0 -1727.75 
HS3 156.5 -1727.75 
HS2 322.5 -1727.75 
HS1 619.0 -1727.75 
HSO 785.0 -1727.75 
RC 1156.5 -1727.75 
WSERN 1397.5 -1727.75 
RDP 1694.0 -1727.75 
RDN 1860.0 -1727.75 
CSN 2156.0 -1727.75 
FAST 2288.5 -1511.75 
RNW 2288.5 -1215.25 
C3 2357.5 1607.75 
VCC 2357.5 1291.75 
C2P - 1707.75 
C2N ce 1341.75 
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VM6130 Series 


MAGNETO-RESISTIVE HEAD, 
HIGH PERFORMANCE, 
READ/WRITE PREAMPLIFIER 


August 12, 1999 


FEATURES 


* General 
- Designed for Use With Four-Terminal MR Heads 
- Operates from +5V and -4.5V Power Supplies 
- Power Supply Fault Protection 
- Disk Voltage Monitor 
- Head-to-Disk Contact Monitor 
- Reduced Mode and Head Selection Delays 
in FAST Mode 
- Low Idle Power = 100 mW Typical 
- 12 or 14 Channels Available 


. die Performance Reader 
Current Bias / Current Sense Configuration 
- MR Bias Current Range 8 - 16 mA 
- Read Voltage Gain = 350 V/V Typical 
- Input Noise = 0.8 nV/VHz Typical 
- Input Capacitance = 10 pF Typical 
- Head Inductance Range = 0.1 - 0.4 wH 


‘ High Speed Writer 
Write Current Range = 20 - 40 mA 
- Rise Time = 3 ns Typical 
(Ly = 220 nH, Ry = 40Q, lw = 20 mA) 
- Differential PECL Write Data Inputs 
- Write Unsafe Detection 
- Mask-Selectable Write Damping Resistor 


DESCRIPTION 

The VM6130 is an integrated bipolar read/write preamplifier 
designed for use in high-performance hard disk drive 
applications using 4-terminal magneto-resistive (MR) recording 
heads. The VM6130 contains a thin-film head writer, an MR 
reader and associated fault circuitry. It provides bias current and 
control loops for setting the DC voltages on the MR element. 

Fault protection circuitry ensures that the write current 
generator is disabled during power sequencing, voltage faults or 
an invalid head select. This protects the disk from potential data 
loss. For added data protection, internal pull-up resistors are 
connected to the mode select lines (CS and R/W) to prevent 
accidental writing due to open lines and to ensure the device will 
power-up in a non-writing condition. 

The VM6130 operates from +5V, -4.5V power supplies. Low 
power dissipation is achieved through the use of high-speed 
bipolar processing and innovative circuit design techniques. 
When deselected, the device enters an idle mode which reduces 
the power dissipation. 

The VM6130 is available in die form for chip-on-flex 
applications. Please consult VTC for details. 
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BLOCK DIAGRAM 


RIW O Mode 
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WDX ¢ ao 


Select ——C) HW00X 
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Write 
Current 
Source 


—O HW13x 
—1) HW13Y 


Thin-Film Writer 


IWSET C€ 
HSO € 


HROOP ¢(.—— 
HROON (——| 


MR Reader MWT 


HR1i3P O—— 


HR13N Q-—+ 
MR 


Controller 
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FAST DUMY 


ABSOLUTE MAXIMUM RATINGS 


Power Supply Voltage: 
-0.3V to + 7V 
-7V to +0.3V 


Input Voltages: 
Digital Input Voltage Viy ......... eee -0.3V to (VCC+ 0.3V) 
Storage Temperature Totg ..--.::escceeteeeeeeeesteeenes -65° to 150°C 


Junction Temperature Ty ........cccccceeeccee cece teeeeeeeeeeeeeee 150°C 
RECOMMENDED OPERATING CONDITIONS 
Power Supply Voltage: 
Voc saith futon aay avin apse wfayaSeny wn fav ataysTatiacaacsaat +5V+10% 
Wee iideisadissideiniesnasnssadaianatenads auctiastenananngecs -4.5V + 10% 
Junction Temperature Ty .........cceeceeecee eee ee eee eee 0°C to 125°C 
1-231 


7) 
= 
o 
— 
=u 
ra 
a. 


ae) 
Be) 
m 
> 
= 
uU 
7) 


YIN 


x 
YO vme130 


Head Voltage Control 

In all modes of operation, the VM6130 controls the common 
mode potential of all MR elements. This is necessary because 
the MR element cannot be insulated, so that a small voltage 
differential will cause arcing to the disk and damage the heads. 

Head voltages are held within + 400 mV of the voltage on the 
VD pin, which monitors the disk potential of the drive. Thus, the 
disk may be grounded, as is done in disk drives having 
conventional thin film or ferrite recording heads, or isolated as 
the application may require. 


Read Mode 

In the read mode, the circuit operates as a low noise 
differential amplifier which senses resistance changes in the MR 
element which correspond to flux changes on the disk. 

The appropriate TTL levels on the CS and R/W lines place the 
preamp in the read mode (see Table 96) and activate the bias 
generator, the read preamp and the read fault detection circuitry. 

The VM6130 uses the current-bias/current-sensing MR 
architecture. An internally-generated 2.5 volt reference is 
present at the IRSET pin. The magnitude of the MR bias current 
is determined by an external resistor (connected between the 
IRSET pin and ground). The following equation governs the MR 
bias current magnitude: 


50 


= >= (eq. 49) 
(Reser) 


IMR 


Imp represents the bias current flowing to the MR element. 
Reset represents the equivalent resistance between the IRSET pin and ground. 


RDP and RDN outputs are emitter follower and are in phase 
with the HRnP and HRmN head ports. These outputs should be 
AC-coupled to the load. 

The output common mode voltage is maintained in the write 
mode, thereby substantially reducing the write-to-read recovery 
delay in the subsequent pulse detection circuitry. 

Fault Detection 

In the read mode, a TTL low on the FLT line indicates a fault 
condition. The fault condition can be triggered by any of the 
following conditions: 

* Low power supply voltage 

* Head to disk contact 

(the thermal asperity in the MR element will result in an 
abnormally high readback signal) 
Fast Mode 

Fast mode is utilized during head-to-head and idle-to-read 
transitions. When the FAST mode pin is high, the unity-gain 
frequency of the offset control loop is increased such that it is 
inside the passband of the reader, allowing the delay to be 
reduced to less than 5ys. 

Note: This pin must be brought low before read data is valid. 
Programmable Thermal Asperity 

The programmable thermal asperity pin (PTA), when left open, 
enables the TA circuitry with a nominal threshold of 3.25Vpp 
(referred to the input). This TA threshold may be changed and is 
governed by the following equation: 


Vraq = 3.25mVpp — (16500 x Ipta) (eq. 50) 


Vr, represents the Thermal Asperity threshold. 
Ipta represents the current sunk from pin PTA in Amperes. 
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The Thévenin equivalent of pin PTA (in read mode) is 2.2kQ @ 
200mV below ground. See the diagram below: 


ale 
200 + 


_»~,—o PTA 


Note: To disable the Programmable Thermal Asperity function, 
pin PTA should be connected directly to ground (GND). 


Write Mode 

In the write mode, the circuit operates as a write current switch, 
driving the thin-film write element of the MR head. 

(Note that MR bias current is maintained in order to minimize the 
write-to-read delay.) ee 

The appropriate TTL levels on the CS, R/W and WSER lines 
place the preamp in the write mode (see Table 96) and activates 
the write unsafe detect circuitry. 

The magnitude of the write current is determined by an 
external resistor (connected between the IWSET pin and 
ground). An internally-generated 2.5 volt reference is present at 
the IWSET pin. The following three equations govern the write 
current magnitude: 


If Iy-Ry < 450mV: 
ly = 49.2 : ore 
H 
(Rwsen)(1 + mal 
If 450mV < lw-Ry < 615mV: 
(49.2/Ryge7)+3mA 
Ww = —T+(0.008 -R,,) Ey 
If lw-Ry > 615mV: 
(49.2/Ryse 7) +4mA 
lw = —7¥(0.008-R,) on 


lw represents the write current flowing to the selected head. 
Rwserrepresents the equivalent resistance between the IWSET pin and ground. 
Ry represents the series head resistance. 
Rp represents an internal damping resistance of 692 Q. 


The polarity of the current is initially into the HWnY port 
following a read-to-write transition. Write current polarity is 
reversed on low-to-high transitions of the write data input (WDX 
low-to-high). 

Fault Detection 

In the write mode, a TTL high on the FLT line indicates a fault 
condition. The fault condition can be triggered by any of the 
following conditions: 


« Low power supply voltage 
(The writer is independent of VEE, so VEE faults do not 
generate a fault condition.) 

« No write current 

* Open write head 

* Insufficient write data transition frequency 
(>2.5us between transitions) 

* Head short to ground 

Two positive transitions of write data may be required to clear 

the fault after the safe condition is restored. 
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Idle Mode 

In idle mode, the MR bias and write current sources are 
deactivated, and the device enters a low-power mode in which 
power dissipation is less than 100 mW. Write and read fault 
detection circuitry is disabled. MR common mode and offset 
control loops still receive power in order to reduce idle-to-read 
mode recovery. 


Dummy Head 

A TTL high level on the DUMY pin selects a dummy head in 
read or write mode. MR bias current is routed to an internal 
resistor, and the write current source is disabled to protect 
recorded data. 

This mode is optionally used during power-up/down and 
following head-to-disk contacts. 

An internal pull-up resistor ensures that the dummy head is 
selected in event of an accidental open. 
Note: If this pin is not used it should be grounded for normal 

operation. 


Table 96 Mode Select Logic 


R/W cS MODE 

0 0 Write 

1 0 Read 

X 1 Idle 

Table 97 Head Select Logic 
HS3 HS2 HS1 HSO | DUMY HEAD 
xX Xx X X 1 dummy 
0 0 0 0 0 0 
0 0 0 1 0 1 
0 0 1 0 0 2 
0 0 1 1 0 3 
0) 1 0 0 0 4 
0 1 0 1 0 5 
0 1 1 0 0 6 
0 1 1 1 0 7 
1 0 0 0 0 8 
1 0 0 1 0 9 
1 0 1 0 0 10 
1 0 1 1 0 11 
1 1 0 0 0 12 
1 1 0 1 0 13 
1 1 1 X 0 0 
Note: Invalid head select codes disable the writer and select 


head MRO. 
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PIN_FUNCTION LIST AND DESCRIPTION 


29) CS (I) 
30) RW |1 
31) HSO-HS3 (11) 
32) DUMY (11) 
33) FAST (1) 
34) FLT (0 ') 
35) WDX,WDY _(I') 
36) HROOP-HR13P (I) 
37) HROON-HR13N (I) 
38) HWO00X-HW13X(O) 
39) HWO0Y-HW13Y (0) 
40) RDP, RDN (0!) 
41) IWSET (1) 
42) IRSET (1) 
43) C2P,C2N (') 
44) C1 (') 
45) VD (11) 
46) PTA (I) 
47) VEE - 
48) VCC - 
49) GND : 
| = Input pin 
O = Output pin 


Chip Select: 

A TTL low level enables the device. 
Pin defaults high (disabled). 
Read/Write: 

A TTL low level enables write mode. 
Pin defaults high (read). 

Head Select: 

Selects one of fourteen heads. Pins 
default low (head 0). 

Dummy Head: 

A TTL high level enables the 
dummy head. Pin defaults high 
(dummy head selected). 

Fast Recovery in Read Mode: 

A TTL high level enables fast 
settling of the reader. 

Write/Read Fault: 

A TTL high level indicates a fault in 
write mode. 

A TTL low level indicates a fault in 
read mode. 

Differential Pseudo-ECL write data 
inputs: 

A positive edge on WDX toggles the 
direction of the head current. 

MR head connections, positive end. 
MR head connections, negative 
end. 

Write head connections, positive 
end. 

Write head connections, negative 
end. 

Read Data: 

Differential read signal outputs. 
Write current pin: 

Set the magnitude of write current. 
MR bias reference pin: 

Sets the magnitude of MR bias 
current. 

Compensation capacitor for the MR 
head current loop. 

Noise bypass capacitor for the MR 
bias current generator. 

Disk Voltage. 

Analog reference for the disk bias. 
Programmable Thermal Asperity 
input. 

-4.5V supply 

+5V supply 

Ground 


7) 
= 
o 
— 
=u 
ra 
a 


1 When more than one device is used, these signals can be wire OR’ed together 


1-233 


a) 
a) 
fe 
20 
U 
n 


LY, 
<S 


© vme130 


STATIC (DC) CHARACTERISTICS 


Recommended operating conditions apply unless otherwise specified. 


PARAMETER 


CONDITIONS 


990812 


Voc Power Supply Current 


Read Mode, Imp = 12mA 


Write Mode, ly = 30mA, 
Ima = 12mMA 


Idle Mode 


Vee Power Supply Current 


Read Mode, Iya = 12mMA 


Write Mode, ly = 30mA, 
Ima = 12mMA 


Idle Mode 


Power Supply Dissipation 


Read Mode, Iya = 12MA 


Write Mode, lw = 30mA, 
Ima = 12mMA 


Idle Mode 


Input High Voltage 


PECL 


CMOS 


Input Low Voltage 


PECL 


CMOS 


Disk Reference Voltage Range 


Input High Current 


PECL 


CMOS 


Input Low Current 


PECL 


CMOS 


Output High Current 


FLT: Voy = 5.0V 


Output Low Voltage 


FLT: lop = 4mA 


Voc Fault Threshold 


Vee Fault Threshold 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 


PARAMETER 


CONDITIONS 


\/ 
VM6130 & 


MR Head Current Range 


a 
= 


MR Head Current Tolerance 


8 < Ilva <16mMmA 


ie) 
a 
= 
<x 
uw 
co 
a 


MR Bias Reference Voltage 


2775 < Reser < 62502 


IRSET to MR Bias Current Gain 


2775 < Reser < 62502 


Differential Voltage Gain 


Vin = 1mV,, @10MHz, R, 
(RDP, RDN) = 1kQ, Iya = 12mA, 
Rur = 282 


Passband Upper 
Frequency Limit 


-1dB: Ryy_ = 289; Ly; = 20NH 


-3dB: Ry, = 28Q; Lyra = 20NH 


Passband Lower -3dB 
Frequency Limit 


Rur = 282 Cy = 6nF 


MHz 


Equivalent Input Noise 


Ima = 12mA; 1 < f < 80 MHz 
Rur = 282 


nVAVHz 


Differential Input Capacitance 


Ime = 12mMA 


Differential Input Resistance 


Ime = 12mMA 


Dynamic Range 


AC input V where A, falls to 90% 
of its value at Viy = 1MV,, @ 
f = 10 MHz 


Power Supply Rejection Ratio 


100mVp-p on Vcc Or Veg, 
Ime = 12mA, 1 <f < 50 MHz, 
Rar = 28Q 


Common Mode Rejection Ratio 


Vom = 100mVp-p 


Channel Separation 


Unselected Channels: 
Vin=100mVp-p, 1<f<50 MHz 


Output Offset Voltage 


lua = 12MA, Ryg = 282 


Common Mode Output Voltage 


Common Mode Output Voltage 
Difference 


Voom (READ) - Vogy (WRITE) 


Single-Ended Output Resistance 


(Includes 21Q series resistor 
with RDP/RDN) 


Output Current 


AC Coupled Load, RDP to RDN 


Total Harmonic Distortion 


Vin = 4mV,,; ten harmonics 


pp3 


MR Head-to-Disk Contact 
Current 


Extended contact, 
Roisk = 10MQ 


Maximum peak discharge, 
Coisk = S00PF, Roisk = 10MQ 


MR Head Potential 


lun = 12MA, Ryg = 282 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 


PARAMETER CONDITIONS 


Rur = 28Q, lpta = 0 


Thermal Asperity Detect 
Threshold Rur = 28Q, 
Veta = 3.25 - (16500 - Ipta) 


a) 
a) 
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WRITE CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 
lw = 30mA, Ly= 200nH, Ry = 159, fpata = SMHz. 


PARAMETER CONDITIONS 


lwser Pin Voltage 


Iwser to Write Current Gain 


Write Current Constant Kw = Vwser « Ar 


Write Current Range 


Write Current Tolerance 20 <lw< 40 mA 


Differential Head Voltage Swing Open head 


Unselected Head Transition 


Current he gm, 


Differential Output Capacitance 


Differential Output Resistance Internal damping resistance 


Time Between Write Data 


Transitions for Safe Condition FLT = Low 
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SWITCHING CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 
lw = 30mA, Ly= 200nH, Ry = 309, fpata = SMHz. 


PARAMETER CONDITIONS 


a) 
= 
o 
= 
=u 
a 
a 


R/W to Write Mode To 90% of write current 


R/W to Read Mode To 90% of envelope 


—_ To 90% of envelope; FAST = low 
CS to Read Mode 


FAST = high for 3.5us ! 


CS to Write Mode To 90% of write current 


To 90% of envelope; FAST = low 
HSO - HS3 to Any Head 


FAST = high for 3.5 ' 


To 90% of envelope; FAST = low 


DUMY Mode to Any Head 
FAST = high for 3.5 ' 


To 10% of read envelope or write 


CS to Unselect 
current 


Safe to Unsafe 2 50% WDX to 50% FLT 


Unsafe to Safe 2 50% WDX to 50% FLT 


Head Current Propagation Delay 2 From 50% points 


Write Data has 50% duty cycle & 


ASymmeny Ins rise/fall time, Ly = 0, Ry = 0 


20-80%: ly = 20mA; 
Rise/Fall Time Ly = 220nH, Ry = 402 


Ly = 0, Ry = 0; ly =30mA 


lwo = 30mMA, Ly = 200nH, 


Settling Time R, = 15Q; to +10% 


Iwo = 30mA; Ly = 200nH, 


Overshoot R,, = 150 


1. See Figure 2 for read mode timing diagram. 
2. See Figure 1 for write mode timing diagram. 


‘ 
wox-woy / \ / \_/ \ a an 
Tita toi 
FOP age, 
—r <«-- 
tbs 
Hwnx - Hwy \ 


Figure 67 Write Mode Timing Diagram 
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Figure 68 Read Mode Timing Diagram. Also applies to DUMY and HSO - HS3. 
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TYPICAL APPLICATION CONNECTIONS 


0 
= 
a 
=i 
q co 
a a. 
lOO OU FO OU OOUUOU IOU0U Oo 
QXRER SERESKEZEE F$FRFG 
“SSee FPSSSSlee eZELz © 
Ww 
Opra trTtrt fPTTT Trtt tLtit O 
Cl pumy = 
Hwosx EOS 
C] Hwosy HWO3Y — 
CX HROBN HRO3N 
[1 HRO8P HROSP J) 
cap o\ 
CL] HROgP HRO2P 
HROQN HRO2N | 
— asv__| CL Hwosy VM61312 sinjoay. || Gee | — 
0.018HF —— [J Hwo9x uwoex © T= 0.018uF 
7 vec yoo .— 
HW10X Nes = 
HW10Y - 
CO uRtoN HWO1Y 
[1 HR10P HROIN (] 
cen HRO1P CH} — — — — 4 
[To HR11P cap 
[ HR11N HRooP U1 
CI HW11Y HROON 
1 HW11X - 
WwW 
uaz w Qn = ~exeForae 
m qa Zz = aa 
hisea See §$ 6S #£6rteef222 
oo MOOI oOo ooooooo 
Rase | RwseT Rect = 5k 
= 0.1uF a5y t5V 


Application Notes 
*  Iwa = MR Bias Current = 50/Raset 
* ly = Write Current = 50/Rwser(1+R,/700), Ry = Head Series Resistance 
* Voc = +5V, GND = Ground, Veg = -4.5V 


« VTC recommends placing decoupling 0.1 uF and 0.01 uF capacitors in parallel between the following pins: 
VCC - GND 
VEE - GND 


Minimizing parasitics at this node is vital. Place a high quality (low resistance, low inductance) capacitor as close to the die as 
possible. 

** VTC recommends using only one of the two sets of C2P/C2N pads included on the VM6130 die (and not externally connecting 
the two sets). The C2 capacitor sets the lower corner frequency of the preamplifiers bandpass filter. 
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Specific Characteristics 
Die size: 172 X 181 Mils 


VM61312 Pad Coordinates (in Mils) 


VM61312 


12-CHANNEL DIE 


990812 


Pad Name X Axis Y Axis Pad Size 
C1 -53.484 -85.502 4x10 
C2N -81.230 -42.874 4x4 
C2N: 81.230 27.992 4x4 
C2P -81.230 27.992 4x4 
C2P: 81.230 -42.874 4x4 
CSN 25.059 -85.502 4x4 
DSBF -81.230 71.457 4x4 
DUMY -81.230 64.793 4x4 
FAST 72.323 85.512 4x4 
FLT 32.146 -85.502 4x4 
HSO 53.406 -85.502 4x4 
HS1 60.492 -85.502 4x4 
HS2 67.579 -85.502 4x4 
HS3 74.665 -85.502 4x4 
IRSET -74.744 -85.502 4x10 
IWSET 7.933 -85.502 4x10 
HROON 81.230 -57.047 4x4 
HRO1N 81.230 -28.701 4x4 
HRO2N 81.230 13.819 4x4 
HRO3N 81.230 42.165 4x4 
HRO4N 49.606 85.512 4x4 
HRO5N 21.260 85.512 4x4 
HRO6N -21.260 85.512 4x4 
HRO7N -49.606 85.512 4x4 
HRO8N -81.230 42.165 4x4 
HROON -81.230 13.819 4x4 
HR10N -81.230 -28.701 4x4 
HR11N -81.230 -57.047 4x4 
HROOP 81.230 -49.961 4x4 
HRO1P 81.230 -35.787 4x4 
HRO2P 81.230 20.906 4x4 
HRO3P 81.230 35.079 4x4 
HRO4P 42.520 85.512 4x4 
HRO5P 28.346 85.512 4x4 
HRO6P -28.346 85.512 4x4 
HRO7P -42.520 85.512 4x4 
HRO8P -81.230 35.079 4x4 
HRO9P -81.230 20.906 4x4 
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Pad Name X Axis Y Axis Pad Size 
HR10P -81.230 -35.787 4x4 
HR11P -81.230 -49.961 4x4 

RDN -22.697 -85.502 4x4 
RDP -29.272 -85.502 4x4 
RNW 17.972 -85.502 4x4 
VCC: -2.106 -85.502 4x4 
VCC: 81.230 73.661 4x4 oct 
VCc:P 0.000 85.512 4x4 
VD -71.654 85.512 4x4 
VDD: 81.230 -7.441 4x4 
VDD: 81.230 80.748 4x4 oct 
VDD:P -81.230 -7.441 4x4 
VEE: -40.492 -85.502 4x10 
VEE:G -12.146 -85.502 4x10 
HWOOY 81.230 -64.134 4x4 
HW01Y 81.230 -21.614 4x4 
HW02Y 81.230 6.732 4x4 
HWO3Y 81.230 49.252 4x4 
HWO04Y 56.693 85.512 4x4 
HWO5Y 14.173 85.512 4x4 
HWO6Y -14.173 85.512 4x4 
HW07Y -56.693 85.512 4x4 
HWO8Y -81.230 49.252 4x4 
HWO9Y -81.230 6.732 4x4 
HW10Y -81.230 -21.614 4x4 
HW11Y -81.230 -64.134 4x4 
HWo00X 81.230 -71.220 4x4 
HW01X 81.230 -14.528 4x4 
HW02X 81.230 -0.354 4x4 
HW03X 81.230 56.339 4x4 
HW04X 63.780 85.512 4x4 
HWO05X 7.087 85.512 4x4 
HWO06X -7.087 85.512 4x4 
HW07X -63.780 85.512 4x4 
HW08X -81.230 56.339 4x4 
HWO09X -81.230 -0.354 4x4 
HW10X -81.230 -14.528 4x4 
HW11X -81.230 -71.220 4x4 
WDY 46.319 -85.502 4x4 
WDX 39.232 -85.502 4x4 
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1. Octagonal pins are for factory use only. 
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12-CHANNEL DIE (MIRROR) 
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Specific Characteristics 
Die size: 172 X 181 Mils 


VM61312 Mirror Pad Coordinates (in Mils) 


Pad Name X Axis Y Axis Pad Size 

C1 53.484 -85.502 4x10 
C2N 81.230 -42.874 4x4 
C2N: -81.230 27.992 4x4 
C2P 81.230 27.992 4x4 
C2P: -81.230 -42.874 4x4 
CSN -25.059 -85.502 4x4 
DSBF 81.230 71.457 4x4 
DUMY 81.230 64.793 4x4 
FAST -72.323 85.512 4x4 
FLT -32.146 -85.502 4x4 
HSO -53.406 -85.502 4x4 
HS1 -60.492 -85.502 4x4 
HS2 -67.579 -85.502 4x4 
HS3 -74.665 -85.502 4x4 
IRSET 74.744 -85.502 4x10 
IWSET -7.933 -85.502 4x10 
HROON -81.230 -57.047 4x4 
HRO1N -81.230 -28.701 4x4 
HRO2N -81.230 13.819 4x4 
HRO3N -81.230 42.165 4x4 
HRO4N -49.606 85.512 4x4 
HRO5N -21.260 85.512 4x4 
HRO6N 21.260 85.512 4x4 
HRO7N 49.606 85.512 4x4 
HRO8N 81.230 42.165 4x4 
HROON 81.230 13.819 4x4 
HR10N 81.230 -28.701 4x4 
HR11N 81.230 -57.047 4x4 
HROOP -81.230 -49.961 4x4 
HRO1P -81.230 -35.787 4x4 
HRO2P -81.230 20.906 4x4 
HRO3P -81.230 35.079 4x4 
HRO4P -42.520 85.512 4x4 
HRO5P -28.346 85.512 4x4 
HRO6P 28.346 85.512 4x4 
HRO7P 42.520 85.512 4x4 
HRO8P 81.230 35.079 4x4 
HRO9P 81.230 20.906 4x4 
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Pad Name X Axis Y Axis Pad Size 
HR10P 81.230 -35.787 4x4 
HR11P 81.230 -49.961 4x4 

RDN 22.697 -85.502 4x4 
RDP 29.272 -85.502 4x4 
RNW -17.972 -85.502 4x4 
VCC: 2.106 -85.502 4x4 
VCC: -81.230 73.661 4x4oct 
VCc:P 0.000 85.512 4x4 
VD 71.654 85.512 4x4 
VDD: -81.230 -7.441 4x4 
VDD: -81.230 80.748 4x4oct 
VDD:P 81.230 -7.441 4x4 
VEE: 40.492 -85.502 4x10 
VEE:G 12.146 -85.502 4x10 
HWOOY -81.230 -64.134 4x4 
HWO01Y -81.230 -21.614 4x4 
HW02Y -81.230 6.732 4x4 
HWO3Y -81.230 49.252 4x4 
HWO04Y -56.693 85.512 4x4 
HWO5Y -14.173 85.512 4x4 
HWO6Y 14.173 85.512 4x4 
HW07Y 56.693 85.512 4x4 
HWO8Y 81.230 49.252 4x4 
HWO9Y 81.230 6.732 4x4 
HW10Y 81.230 -21.614 4x4 
HW11Y 81.230 -64.134 4x4 
HWo00X -81.230 -71.220 4x4 
HW01X -81.230 -14.528 4x4 
HW02X -81.230 -0.354 4x4 
HW03X -81.230 56.339 4x4 
HW04X -63.780 85.512 4x4 
HWO05X -7.087 85.512 4x4 
HWO06X 7.087 85.512 4x4 
HW07X 63.780 85.512 4x4 
HW08X 81.230 56.339 4x4 
HWO09X 81.230 -0.354 4x4 
HW10X 81.230 -14.528 4x4 
HW11X 81.230 -71.220 4x4 
WDY -46.319 -85.502 4x4 
WDX -39.232 -85.502 4x 
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1. Octagonal pins are for factory use only. 


VM61314 


14-CHANNEL DIE 
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Specific Characteristics 
Die size: 244 X 181 Mils 


VM61314 Pad Coordinates (in Mils) Pad Name X Axis Y Axis Pad Size 
HW13X “116. -71.22 4x4 
Pad Name X Axis Y Axis Pad Size HWi3V , . _ 6A a = 
VEE: 60.463 “85.502 Ax4 abc a 
HR12P -116.663 -35.787 4x4 
VCC: -14.301 -85.502 4x4 
HR12N -116.663 -28.701 4x4 
VDD:P -116.663 7.441 4x4 
HW12Xx -116.663 -14.528 4x4 
C2N -116.663 -42.874 4x4 
HW12Y -116.663 -21.614 4x4 
C2P: 116.663 -42.874 4x4 aoe Terre oe nd 
VDD: 116.663 744i 4x4 a : 
HROON 116.663 -57.047 4x4 
C2P -116.663 27.992 4x4 
HWwoox 116.663 -71.220 4x4 
VCC:P 0.000 85.512 4x4 
HWOoOY 116.663 64.134 4x4 
CON: 116.663 27.992 4x4 
HROIP 116.663 -35.787 4x4 
VEE:G -26.762 -85.502 4x10 SABI GEES TT i 
HR10P -116.663 35.079 4x4 : ia : 
HW01X 116.663 -14.528 4x4 
HR10N -116.663 42.165 4x4 awaiy are rad 7 
HW10x 116.663 56.339 4x4 a sass = as _ 
HW10Y -116.663 49.252 4x4 aaian = ; ace cee a a 
HRO9P -77.953 85.512 4x4 AWA 77 SG6a rT a 
HROON “85.039 85.512 4x4 away - — z = ai 
HW09X -99.213 85.512 4x4 TT eVTE = cae = a5 — 
HWo9Y -92.126 85.512 4x4 as 
HRO7N 14.173 85.512 4x4 
HRO3P 116.663 35.079 4x4 Were er aE ea 
HRO3N 116.663 42.165 4x4 — ‘i 
HWwo07Y -21.260 85.512 4x4 
HW03X 116.663 56.339 4x4 EROSE eRe Sa SHG 7 
HWO3Y 116.663 49.252 4x4 Baoan 7 Gea Ter qi a 
HRO4P 77.953 85.512 4x4 AWODX 7 5663 5 364 i 
HRO4N 85.039 85.512 4x4 Wwooy 7 5 665 5 =30 — 
HW04X 99.213 85.512 4x4 aEace ; a - ae = 
HwWo4Y 92.126 85.512 4x4 : : 
HRO6N 14.173 85.512 4x4 
VDD: 116.663 80.748 4x4oct 
HW06X 28.346 85.512 4x4 
VCC: 116.663 73.661 4x4oct 
HWO6Y 21.260 85.512 4x4 
HRO5P 63.780 85.512 4x4 AON ae are om 
HROSN 56.693 85.512 4x4 — = aa — _ 
HW05X 42.520 85.512 4x4 = 40 500 5 50D a 
HWO05Y 49.606 85.512 4x4 aan aaa as = 
HRO8P -63.780 85.512 4x4 WDX = S54 E508 ia 
HROBN 56.693 85.512 4x4 oy — — a 
HWO08X -42.520 85.512 4x4 aaa Te 5508 a 
HWosY -49.606 85.512 4x4 St 56614 35 50D a 
HR13P -116.663 -49.961 4x4 SRW 7a 6a5 5508 — 
HR13N -116.663 -57.047 4x4 : = : 
HS2 98.268 -85.502 4x4 
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Pad Name X Axis Y Axis Pad Size 

HS3 109.921 -85.502 4x4 
DUMY -116.663 63.701 4x4 Z 
FAST 108.386 85.512 4x4 «= 
DSBF -116.663 71.447 4x4 = ul 
IWSET 2.087 -85.502 4x10 7 
IRSET -90.896 -85.502 4x10 

C1 -72.825 -85.502 4x10 

VD -107.087 85.512 4x4 
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VM61314 


14-CHANNEL DIE (Mirror) 


Specific Characteristics 
Die size: 244 X 181 Mils 
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VM61314 Mirror Pad Coordinates (in Mils) Pad Name X Axis Y Axis Pad Size 
HW13x 116.663 “71.22 4x4 
Pad Name X Axis Y Axis Pad Size HWi3V 116.663 6A a = 
VEE: 60.403 “85.502 Ax4 a 
HR12P 116.663 -35.787 4x4 
VCC: 14.301 -85.502 4x4 
HR12N 116.663 -28.701 4x4 
VDD:P 116.663 7.441 4x4 
HW12x 116.663 14.528 4x4 
C2N 116.663 42.874 4x4 
HW12Y 116.663 “21.614 4x4 
CoP: “116.663 -42.874 4x4 ROP 16663 75.964 pa 
VDD: 116.663 7.441 4x4 — — : 
HROON “116.663 57.047 4x4 
C2P 116.663 27.992 4x4 
HWo00x 116.663 -71.220 4x4 
VCC:P 0.000 85.512 4x4 
HWOOY “116.663 -64.134 4x4 
CON: “116.663 27.992 4x4 
HRO1P 116.663 “35.787 4x4 
VEE:G 26.762 -85.502 4x10 AROIN 116.663 5870} a 
HR10P 116.663 35.079 4x4 silos ia : 
HW01x 116.663 14.528 4x4 
HR10N 116.663 42.165 4x4 SWoTy 16.663 oT pa 
HW10x 116.663 56.339 4x4 a - — = as _ 
HW10Y 116.663 49.252 4x4 aaian : Te cee a a 
HRO9P 77.953 85.512 4x4 AWA F EEGs TT a 
HROON 85.039 85.512 4x4 away = z = ai 
HW09X 99.213 85.512 4x4 TT eVTE . a = a5 — 
HWO9Y 92.126 85.512 4x4 
HRO7N 14.173 85.512 4x4 
HRO3P -116.663 35.079 4x4 Worx 5B 346 aE EID pa 
HRO3N “116.663 42.165 4x4 ‘i 
HW07Y 21.260 85.512 4x4 
HW03X -116.663 56.339 4x4 “ROBP 16663 50506 a 
HWO3Y -116.663 49.252 4x4 Baoan rr as Ter qi a 
HRO4P 77.953 85.512 4x4 WOoX : 665 5 6a i 
HRO4N -85.039 85.512 4x4 Wwoov : 5 665 5 =30 — 
HWw04x -99.213 85.512 4x4 SROGP : > oa x 3 = 
HwWo4Y -92.126 85.512 4x4 = : 
HRO6N 14.173 85.512 4x4 
VDD: 116.663 80.748 4x4oct 
HW06xX -28.346 85.512 4x4 
VCC: -116.663 73.661 4x4oct 
HWO6Y “21.260 85.512 4x4 
HRO5P -63.780 85.512 4x4 =ON 38 88 5E 50D pa 
HROSN 56.693 85.512 4x4 — —_ — _ 
HW05X -42.520 85.512 4x4 aT ma 500 5 50D a 
HWO05Y “49.606 85.512 4x4 aan ais as = 
HRO8P 63.780 85.512 4x4 ox = _ a ia 
HROBN 56.693 85.512 4x4 oy —_ — a 
HW08x 42.520 85.512 4x4 550 R564 E508 a 
HWosy 49.606 85.512 4x4 St 56614 35 50D a 
HR13P 116.663 -49.961 4x4 NW = arn 5508 — 
HR13N 116.663 -57.047 4x4 a = : 
HS2 -98.268 -85.502 4x4 
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Pad Name X Axis Y Axis Pad Size 

HS3 -109.921 -85.502 4x4 
DUMY 116.663 63.701 4x4 Z 
FAST -108.386 85.512 4x4 «= 
DSBF 116.663 71.447 4x4 = ul 
IWSET -2.087 -85.502 4x10 7 
IRSET 90.896 -85.502 4x10 

C1 72.825 -85.502 4x10 

VD 107.087 85.512 4x4 
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VM6160 Series 


MAGNETO-RESISTIVE HEAD, 
PROGRAMMABLE READ/WRITE 
PREAMPLIFIER with SERVO WRITE 


990812 August 12, 1999 
FEATURES BLOCK DIAGRAM 
* General GND VEE VCC  VPOS VNEG VGND 
- Designed for Use With Four-Terminal MR Heads O O——O O O Oy 
- 3-Line Serial Interface ro 4 
(Provides Programmable Bias Current, Write Current, Head wpx fe) 
Selection and Servo Control) Suny 5 V a co shes 
- Operates from +5 and -3 Volt Power Supplies DFF 
- Upto 12-Channels Available ae : hae " P. pe 
- Fault Detect Capability Sauics & fon 
= -—o). 
¢ High Performance Reader — | J. 
- Current Bias / Voltage Sense Configuration é |_4. 
- MR Bias Current 5-bit DAC, 5 - 15 mA Range - Liston 
- Read Voltage Gain = 220 V/V Typical BIAS O- MR Bias Current Lapa 
- Input Noise = 0.55 nV/VHz Typical 
- Input Capacitance = 13 pF Typical ver 6 Wite-Current iy sae 
- Head Inductance Range = 10 nH - 220 nH | 
- Mask Select Resistors (0, 10, 15, 30 Q) in series with RDP, seneae ol 
RDN 
SDIO © v 
. High Speed Writer SENA a fi Faut |-dyrut 
Write Current 4-bit DAC, 10 - 45 mA Range 
- Rise Time = 1.3 ns Typical A 
(20 - 80%, Liotal = 220 nH, lw = 25 mA) WRI Head Select 
- Multi-Channel Servo Write om 
- Optional Write Data Flip-Flop (WDFF) @ RC OF Sonctcanioller 
DESCRIPTION 
The VM6160 is an integrated bipolar pro d/write 
preamplifier designed for use in high-perfo hard disk 
drive applications using 4-terminal magneto-resistive (MR) ioe y © RDP 
recording heads. The VM6160 contains a thin-film head writer, aa 3 ¢ RON 
an MR reader, and associated fault circuitry. It provides bias ina 
current and control loops for setting the DC voltages on the MR Mani r - i 
element. 7 i i 4 BHV 
Programmability of the VM6160 is achieved through a 3-line : fig 
serial interface. Programmable parameters include MR bias 4 $ 
current, write current, head selection and servo operation. HRioP Me a 
Fault protection circuitry disables the write current generator HRION Gontraller 
upon critical fault detection. This protects the disk from potential Here 
data loss. For added data protection, internal pull-up resistors Heian 
are connected to the mode select lines (CS and WRT) to prevent 5—5—H 5b— 
accidental writing due to open lines. cap Cc2N C1 C3  C2P  C2N 


The VM6160 operates from +5V, -3V power supplies. Low 
power dissipation is achieved through the use of high-speed 
bipolar processing and innovative circuit design techniques. 
When deselected, the device enters an idle mode which reduces 
the power dissipation. 

The VM6160 is available in die form for chip-on-flex 
applications. Please consult VTC for details. 
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See page 254 for the Pin Function List and Description. 


1-247 


rt) 
= 
o 
= 
=u 
a 
a 


uv 
Be) 
m 
> 
= 
U 
7) 


YIN 


x 
YO VM6160 Series 


ABSOLUTE MAXIMUM RATINGS 


Power Supply: 


V cits sacheuesnenancataxtacted undessntencsebednekusarhinansesnteaes +0.3V to -5V 
V Giger J vidtinnmeeuvenedtnieabeweice eetasindtentitnantademndtes siieannehs -0.3V to +7V 
Read Bias Current, Iya ...-ee eee cee eee ee cece ee eeee eee eee een eeeeeeen ee 30mA 
Write GUmrOnt, Niyj--.ncssccscace<seansniecenaeacsaaecenscncasedsaeacenmmnnts 60mA 


Input Voltages: 
Digital Input Voltage, Vin 
Head Port Voltage, V, 


-0.3V to (Veg + 0.3)V 
-0.3V to (Voc + 0.3)V 


Output Current: 
RDP ARDINGG:. <tssessacesecdedneniaciiededannnceinad insauneaadanse -10mA 
Junction Temperature, T, 150°C 


Storage Temperature, T sig -65° to 150°C 


RECOMMENDED OPERATING CONDITIONS 


Power Supply Voltage: 


Voc 
Write Current, ly ........2.:::eeeeeeeeeeeeee eee eeeeeeeeeee 
Write Head Inductance, Ly 


Write Head Resistance, Rw 10-30 
Read Bias Current, Iya ...-ee cece eee eee eee eee eee eee ee eee eee eee 5-20mA 
Read Head Inductance, Lyp .........eeeeeee cece eee eeee eee 10 - 100 nH 
Read Head Resistance, Ryp........-ecceeeeeeeeeeeeeeeeeeeeeeee 15-50Q 


Junction Temperature, Ty ............c cece ceeeee eee eee eee 


SERIAL INTERFACE CONTROLLER 


interface for control of most chip functions includin 
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Preamplifier Configuration and Selection 

The VM6160 was designed for a single or dual preamp 
configuration. All control lines may be shared (including the 
three serial lines SCLK, SENA and SDIO). 

Pin UCL determines the preamplifier’s upper/lower status in a 
dual preamp configuration. Pin UCL floats high if left open, and 
the preamp assumes the “lower preamp” designation. If pin UCL 
is tied to ground, the preamp will assume the “upper preamp” 
designation. 

In either a single or dual preamp configuration, pin UCL (Upper 
Chip Low) is exclusively OR’ed with control bit CE (Chip Enable; 
register 0, bit <D4>*) to determine which preamp is selected. 

* Bit <D3> in the 6-channel version. 

« UCL © <CE> = 1, chip selected 

« UCL ® <CE> = 0, chip unselected 
See Table 101 for Mode Control information. 


Idle Mode 

In the idle mode, power dissipation is reduced to a minimum. 
All circuitry is powered-down except the serial registers (the 
contents of which remain latched). _ 

Idle mode may be entered with CS, the IDLEOVR bit 
(register 4, bit <D1>), or a UCL/<CE>/<PWREN> combination. 


Idle override (IDLEOV rces idle mode from any other mode. 
If UCL ® <CE> =0 WREN> = 0, the chip is unselected 
and enters idl de. ® <CE> = 0 and <PWREN3> = 1, 
the chipi sel d and enters read standby mode (see 
below). 


ndby Mode 
e read standby mode, MR bias circuitry is active and an 


e 
The VM6160 uses a VTC proprietary 3-line read/write | CG: 
internal dummy head is selected (regardless of head selection). 


selection, MR bias current magnitude and write c 
magnitude. See Tables 99 and 100 for a bi i g 
The serial interface has two input lines, erial clock) 
and SENA (serial enable), and one bidirectional line SDIO (serial 

data input/output). The SCLK line is used as reference for 

clocking data into and out-of SDIO. The SENA line is used to 
activate the SDCLK and SDIO lines and power-up the 
associated circuitry. 

16 bits constitutes a complete data transfer. The first 8 bits are 
write-only and consist of one read/write bit <A0>, three preamp 
select bits <A3-A1> (which must be <001> for this preamp), and 
four register address bits <A7-A4>. The second 8 bits <D7-D0> 
consist of data to be written-to or read-from a register. 

A data transfer is initiated upon the assertion of the serial 
enable line (SENA). Data present on the serial data input/output 
line (SDIO) will be latched-in on the rising edge of SCLK. During 
a write sequence this will continue for 16 cycles; on the 16th 
rising edge, the data will be written to the addressed register. 
During a read sequence, SDIO will become active on the falling 
edge of the 9th cycle (delayed one cycle to allow the controller 
to release control of SDIO). At this time <D0> will be presented 
and data will continue to be presented on the SDIO line on 
subsequent falling edges of SCLK. 

Note: Data transfers should only take place in idle or write 
modes. I/O activity is not recommended in read mode 
and will result in reader performance degradation. 

See Table 106 and Figures 70 and 71 for serial interface timing 

information. 
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In addition, the read amplifier differential outputs RDP/RDN are 
high impedance (tri-stated). 


Read Mode 

In the read mode, the circuit operates as a low noise 
differential amplifier which senses resistance changes in the MR 
element which correspond to flux changes on the disk. 

In the read mode the bias generator, the input multiplexer, the 
read preamp and the read fault detection circuitry are active. 

The VM6160 uses the current-bias/voltage-sensing MR 
architecture. The magnitude of the MR bias current is referenced 
to the current flowing through an external resistor (connected 
between pin RC and ground). The following equation governs 
the MR bias current magnitude: 


20 (; =) 


lage = Re 
MR (Rext) IMR 


R (eq. 54) 


ext 


Ip represents the bias current flowing to the MR element (in mA). 
Rex represents the equivalent resistance between the RC pin and ground (in kQ). 
kip represents the MR bias DAC setting (0 to 31). 


With the use of a negative supply, the MR head center voltage 
is near ground potential minimizing current spikes during disk 
contact. 
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BHVOE (Buffered Head Voltage Output Enabled) 
This control bit (register 4, bit <D5>) enables the output of the 


(Imp<Rur)x4 product of the selected head at the BHV pin. This 
output is single-ended with respect to ground. When BHVOE is 
reset, the output pin BHV enters a high-impedance state to 
minimize noise coupling. 
Fast Read Mode 

This control bit (register 4, bit <DO>), when enabled, increases 
the gm (tail current) of the first stage of the read amplifier by a 
factor of approximately 3. This effectively increases the lower 
corner frequency of the amplifier’s bandpass by a factor of 
approximately 2. This lower corner frequency can be calculated 
using the following equation: 


1 


‘Lr 7 2m C2 otal 


(eq. 55) 


f, - represents the lower -3dB corner frequency of the bandpass. 
r, represents the emitter resistance of the input stage (12Q.). 
C2:otai Tepresents total capacitance between C2N and C2P (.024\uF typical). 


MR Bias DAC 
The 5 bits in register 3 (<D4-D0>) represent the binary 
equivalent of the DAC setting (0-31, LSB first). 


Fault Detection 

In the read mode, a TTL low on the FLT line indicates a fault 
condition. The fault condition can be triggered by any of the 
following conditions: 

* Low power supply voltage** 

* Device in write mode 


** Note that a power supply fault will reset the serial register om 


“power-on” values. 


Write Mode 

In the write mode, the circuit operates as c switch, 
driving the thin-film write element of the M : 

The magnitude of the write current is referenced to the current 
flowing through an external resistor (connected between pin RC 
and ground). The following equation governs the write current 
magnitude: 


(eq. 56) 


lw represents the write current flowing to the selected head (in mA). 
Rext represents the equivalent resistance between the RC pin and ground (in kQ). 
Ry represents the series head resistance (in kQ). 
Rp represents the damping resistance (in kQ). 
kw represents the write current DAC setting (0 to 15). 


Note: RC equal to 4KQ gives a write current range of 10-40mA, 
and an MR bias current range of 5-15mA. A maximum 
write current of 45mA may be achieved by reducing the 
RC resistance, but this reduction also affects the MR bias 
current range. 

The write data (PECL) signals on the WDX and WDY lines 
drive the optional internal flip-flop which drives the current switch 
of the selected head. A TTL level applied to the TFF pin controls 
the internal write data flip-flop (which defaults to “Inactive” with 
an internal pull-up resistor). 

See Figures 72 and 73 for timing diagrams. 

Write Current DAC 

The 4 bits in register 2 (<D3-D0>) represent the binary 
equivalent of the DAC setting (0-15, LSB first). 
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Fault Detection 

In the write mode, a TTL high on the FLT line indicates a fault 
condition. The fault condition can be triggered by any of the 
following conditions: 

¢ WDI frequency too low (f < 1MHz) 

* Open write head 

¢ No write current 
In addition to generating a write fault, the following conditions will 
result in the shutdown of the write current source and eliminate 
current flow to any head: 

* Invalid head select code 

« Low power supply voltage** 

* Device in read or idle mode 

*“ Note that a power supply fault will reset the serial register to 

“power-on” values. 


Servo Write Mode 

The VM6160 is designed for use in a single or dual preamp 
configuration. Servo may be written to three heads (one of four* 
servo banks) of a single preamp, to a servo bank of three heads 
for each preamp in a dual preamp configuration (six heads 
simultaneously wri to a single head on each preamp ina 


“Dual Write” ura 

* One banks in a 6-channel die. 

Regis ntains the servo control bits <D6-D0>. See Table 
104 for 0 register bit description and Table 105 for servo 


ntrol information. 

In servo mode all read circuitry is powered-down to reduce 
power dissipation. The servo mode maximum duty cycle can be 
expressed with the following equation: 


tlOnaPwrite)t 1 -PmaxPreadl@jat (eg. 57) 


T ymax 2 lambien max’ write 


TJmax represents the maximum junction temperature, Dmay represents the 
maximum duty cycle, Pwrite/jreag represents the power in write or read mode, and 
© J, represents the junction-to-ambient thermal resistance 


Table 98 Head Select 


HS3* HS2 HS1 HSO 
0:<D3> 0:<D2> 0:<D1> 0:<D0> HEAD 
0 0 0 0 0 
0 0 0 1 1 
0 0 1 0 2 
0 0 1 1 3 
0 1 0 0 4 
0 1 0 1 5 
0 1 1 0 6 
0 1 1 1 if 
1 0 0 0 8 
1 0 0 1 9 
1 0 1 0 10 
1 0 1 1 qd 
(all other combinations) dummy 


* 


12-channel version only. 
Note: The head select lines are equipped with pull-down resis- 
tors to ensure known default head selection (head 0). 
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VM6160 Series 990812 
Clk 1 Clk 16 
uv 
: | 
= 
25 
o SerClk 
bias Address a) Internal Address Bits | Data Bits | 
SerData__ )\RWO/AT\_A2_AS ne XAT ><_DOX OTK D2 KOS K BF YX 05K 06K OF) 
* 
“~~ See the note below regarding Read mode. 
SerEna 


Figure 69 Serial Port Protocol 


For a read operation, the clock rate must be reduced for one period between the <A7> bit and the <DO> bit to provide sufficient 
time for the controller to tristate its output (release control of SDIO), and the VM6160 to untristate (activate control of SDIO). The 
clock rate need not be reduced during a write operation. 


Table 99 Serial Interface Bit Description -- Address Bits 


Function 


Register # 


<A7-A4> 


Head Select 0 
Servo 
Write Current DAC 
MR Bias Current DAC 
Control 


Vendor ID 


(read only) 


* Reserved 


Table 100Serial Interface Bit Description -- Data Bits 


Data Bits 
<D4> <D3> 
CE** HS3** 
LCE UC1 

‘ WC3 


Function Register # 


<D2> 
HS2 

UCO 

WC2 


<D1> 
HS1 
LC1 
WC1 


Head Select 
Servo 
Write Current DAC 


MR Bias Current DAC 


Bias4 


Bias3 


Bias2 


Bias1 


Control 


PWREN 


WSER 


BIASOVR 


IDLEOVR 


Vendor ID 


* 


Reserved 


(read only) 


RK 


RK 


hk 


** In the 6-channel version, HS3 is not used; the CE bit occupies bit <_D3> and bit <D4> is reserved. 
*““These values are dependent on channel-count and revision level. Contact VTC for additional information. 
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Table 101Mode Select 


IDLEOVR 
4:<D1> 


BIASOVR 
4:<D2> 


SZ 


VM6160 Series <™ 


MODE 


X 


X 


Idle 


1 


X 


Idle 


X 


X 


Idle 
(unselected preamp) 


x< 


Read Standby 
(unselected preamp) 


Read Standby 


Write (lower), reader off 


X 
X 
0 
1 
0 
1 
1 
1 
0 


Write (upper), reader off 


4 


Write (lower), 
reader biased 


Write (upper), 
reader biased 


<| +] ><} +] <]| OC] OC] © 


Read (lower), 
selected head 


n the 6-channel version the bit occupies register 0, bit <D3>. 
Note: This table constitutes all valid modes except servo write © 
Invalid mode selection will result in Read Standb le 


Table 102Power-on Reset Register Valu a ‘. 


Power-on Reset Value 
<D7-D0> 


Je selection. 


Function 


Head Select <0001 1111> 


Servo <0000 0000> 


Write Current DAC <0000 0000> 


MR Bias Current DAC <0000 0000> 


Control <0000 0010> 


<XXXX Xx11>** 


Vendor ID 


Read (upper), 
selected head 


** These values are dependent on channel-count and revision level. Contact VTC for additional information. 


Table 103Control Register Fields 


rt) 
= 
o 
= 
= ui 
a 
a 


Register:Bit 


Name 


Description (“active” when bit = 1) 


4:<D0O> 


FAST 


High Pass Frequency (raises low corner frequency of bandpass by a factor of 2) 


4:<D1> 


IDLEOVR 


Idle Override (forces part into idle mode) 


4:<D2> 


BIASOVR 


Bias Override (activates MR bias current regardless of mode) 


4:<D3> 


WSER 


Write Servo (activates servo functionality) 


4:<D4> 


PWREN 


Power Enable (places an “unselected” preamp into Read Standby mode) 


4:<D5> 


BHVOE 


Buffered Head Voltage Output Enable (activates BHV output) 
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Table 104Servo Register Bit Description 


Name 


990812 


Description 


1:<D6> 


uv 
a) 
fe 
20 
U 
n 


Dual Write Enable 


Enables a dual preamp / single head servo write. 
Head Selection is shown in Table 98. 


1:<D5> 


Upper Chip Enable 


Enables “upper” preamp servo write. 
(Independent of <D4>) 


1:<D4> 


Lower Chip Enable 


Enables “lower” preamp servo write. 
(Independent of <D5>) 


6-channel 


12-channel 


Upper Chip 
Servo Bank: MSB 


Upper Chip 
Servo Bank: LSB 


Upper Preamp: 
OX -- Bank 0 (Heads 0,2,4) 
1X -- Bank 1 (Heads 1,3,5) 


Upper Preamp: 
00 -- Bank 0 (Heads 0,4,8) 
01 -- Bank 1 (Heads 1,5,9) 
10 -- Bank 2 (Heads 2,6,10) 
11 -- Bank 3 (Heads 3,7,11) 


Lower Chip 
Servo Bank: MSB 


Lower Chip 
Servo Bank: LSB 


Table 105Servo Modes 


Dual Write 
Enable 
1:<D6> 


Upper Chip 
Enable 
1:<D5> 


Lower Chip 
Enable 
1:<D4> 


Lower Preamp: 
OX -- Bank 0 (Heads 0,2,4) 
1X -- Bank 1 (Heads 1,3,5) 


Lower Preamp: 
00 -- Bank 0 (Heads 0,4,8) 
01 -- Bank 1 (Heads 1,5,9) 
10 -- Bank 2 (Heads 2,6,10) 
11 -- Bank 3 (Heads 3,7,11) 


Mode 


X 


Write 
(non-servo) 


Lower Preamp Servo 


Upper Preamp Servo 


Both Preamps in Servo 


Note: This table constitutes all valid servo write modes. 


Dual Write, both preamps in 
servo. Each preamp writes 
to a single head 
(governed by the head 
select table (Table 98). 


Invalid servo write mode selection will result in Read Standby or Idle mode selection. 


1-252 


VTC Inc., 2800 East Old Shakopee Road, Bloomington, MN 55425, 612-853-5100 


990812 


Table 106Serial Interface Parameters 
DESCRIPTION 


SYMBOL 


. 
VM6160 Series “Os 


Serial Clock (SCLK) Rate, Write 


Serial Clock (SCLK) Rate, Read 


SENA to SCLK delay 


SDIO setup time 


SDIO hold time 


SCLK cycle time 


SCLK high time 


SCLK low time 


SENA hold time 


Time between I/O operations 


Time to tristate controller driving 
SDIO (release control of SDIO) 


Time to activate SDIO 


Duration of SerEna (read) 


Duration of SerEna (write) 


Note: SENA assertion level is high. 


SCLK 


SENA 


Figure 70 Serial Port Timing 


SCLK 


SENA 


2 ee Gz 


'Tdh. Ttric 


sDI0 < X00 Xo X02 _+Y) 


Figure 71 Serial Port Timing - Tristate Control 
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PIN_FUNCTION LIST AND DESCRIPTION 


50) 


51) 


52) 


53) 


72) 


cs (I) 
UCL (I) 
WRT (I*) 
FLT (O*) 
WDX,WDY __(I*) 
HROP-HR11P (I) 
HRON-HR11N (I) 
HWOX-HW11X (0) 


HWOY-HW11Y (QO) 
RDP, RDN (O*) 


C1 

C2P, C2N 
C3 

BHV 

VEE, VNEG ( 
VCC, VPOS ( 
GND, VGND (* 
TF 


RC 
BIAS 
SENA 
SCLK 


SDIO 


Chip Select: 

A TTL low level enables the device. Pin defaults high (idle). 
Upper Chip Low: 

A TTL low level designates preamp as the “upper” preamp. 


990812 


A TTL high level designates preamp as the “lower” preamp. Pin defaults high (lower preamp designation). 


Write: 
A TTL low level enables write mode. Pin defaults high (non-write). 


Write/Read Fault: 
A TTL high level indicates a fault in write mode. 
A TTL low level indicates a fault in read mode. 


Differential Pseudo-ECL write data inputs. 

MR head connections, positive end. 

MR head connections, negative end. 

Thin-Film write head connections, positive end. 
Thin-Film write head connections, negative end 


Read Data: 
Differential read signal outputs. 
Noise bypass capacitor input for the MR bias current source. 


Buffered MR Head Voltage output. ‘ © 
Toggle Flip-Flop \Y 


DC blocking capacitor for reader inputs. 
Compensation capacitor for the MR head current loop. 

-3.0V supply 

+5.0V supply 

Ground 

A TTL high level disables the write c ta f flop. Pin defaults high (flip-flop disabled). 
A TTL low level (when tied aan enables the write data flip-flop. 

Reference Voltage fo s and Write Current. 

Bias Enable: 


A TTL high evlenabi MR bias current to the selected head. Pin defaults low (bias disabled). 


Serial Enable: 

Serial port enable signal; see Figures 71 and 72. 
Serial Clock: 

Serial port clock; see Figures 71 and 72. 

Serial Data: 

Serial port data; see Figures 71 and 72. 


(I = Input pin, O = Output pin) 


* When more than one device is used, these signals can be wire-OR’ed together. 
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TYPICAL CONNECTION DIAGRAM 


12-Channel Die HD8 HD7 HD6 HD5 HD4 HD3 


7) 
= 
o 
=i 
a 
a 


c2/2** ; * ® H t | : - | c22 
= fe>3 : } Ls rm jek (0.012 WF Typical 
(0.012 uF Typical) —— C2i = ‘ (0.012 uF Typical) 


1 = Write Fault 


TPR} 
0 = Flip-flop active 
1 = Flip-flop inactive 


° - A 
| i ' 
| | | 0 = Writ — 
0.047 uF 68n-F = ace WDY (= WDX) 


Minimizing parasitics at this node is vital. Place a hi li w resistance, low inductance) capacitor as close to the die as 
possible. 
*“ This capacitor is split to minimize nie heads to the AC-coupling capacitor. 


Application Notes: 


* 


A single C2 capacitor may be connec ither set of C2P/C2N pads, however, gain linearity across heads (and bandwidth) 
will be compromised with a single C2 c itor configuration. 
The C2 capacitor sets the lower corner frequency of the preamplifier’s bandpass filter. The equation that sets this corner can be 
approximated by: f = 1/(2nRC) where R = 12Q and C = C2 = .024uF typical. 

*““The TFF (Toggle Flip-Flop) is a bondable option. This pad may be directly connected to VCC (+5V) or GND (OV). 
(An internal pull-up resistor defaults the flip-flop to inactive.) 

*“““TDP/TDN (Thermal Diode Positive/Negative). These pads connect to a ‘stand-alone’ diode that can be used for temperature 
measurement. 


« VTC recommends placing decoupling 0.1 uF and 0.01 uF capacitors in parallel between the following pins: 
VCC - GND 
VEE - GND 
VPOS - VGND 
VNEG - VGND 


* Power supplies have been separated by Read/Write functionality to reduce noise coupling. 
If separate supplies are not available, VTC recommends that the supply lines be connected externally some distance from the 
preamp. 


* Data transfers should only take place in idle or write modes. I/O activity is not recommended in read mode and will result in reader 
performance degradation. 


Note: Pad names for the 6-channel die are shown on the following page. 
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6-Channel Die (application connections and values are identical to those shown on the previous page) 


HD4 HD3 HD2 HD1 


Uv 
B!] 
BS 

— Ne=the =i: 
= eo paajine ame (ese jac t=! . 
77) = 


rue 
- 8. 


GND VCC c3* Ci* VEE BHV RDN RDP B WR WDX | UCL 
( 


WDY (= WDX) 
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STATIC (DC) CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. Iya= 10mMA, ly = 25 mA, Ry, = 302. 


o 
PARAMETER SYM CONDITIONS MIN TYP MAX ne S = 
=i 
Read Mode 75 84 105 = 
Read Mode, Fast Read Enabled 85 105 135 
Write Mode, BIAS and BIASOVR 
Low 95 122 150 
(Bias Current to Dummy Head) 
Vgc Powersupply Cument loc Write Mode, BIAS or BIASOVR High me 
(Bias Current to Selected Head) me at me 
Read Standby 50 60 75 
Idle Mode 9 13.5 20 
Servo Mode 160 210 275 
Read Mode 45 55 68 
Read Mode, Fast Read Enabled 78 105 
Write Mode, BIAS and a 
Low 65 85 105 
(Bias Current to Dumm sei 
Vee Power Supply Current lee Write Mode, Sy R High mA 
80 105 130 
(Bias Curr: ead) 
—oo 27 35 46 
0.1 1.3 3.5 
Qo Mode 135 172 220 
Read Mode 459 585 802 
Read Mode, Fast Read Enabled 545 759 1089 
Write Mode, BIAS and BIASOVR 
Low 603 865 1172 
(Bias Current to Dummy Head) 
Power Supply Dissipation Po Write Mode, BIAS or BIASOVR High mw 
(Bias Current to Selected Head) om Ite nave 
Read Standby 298 405 564 
Idle Mode 41 71 122 
Servo Mode 1085 1566 2239 
Voc - Voc - 
REDE 1.0 0.7 y 
Input High Voltage Vin 
Voc + 
TTL 2.0 03 V 
PECL : if : Vv 
Input Low Voltage ViL . . 
TTL -0.3 0.8 V 
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STATIC (DC) CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. Iya= 10mMA, ly = 25 mA, Ry, = 302. 


PARAMETER CONDITIONS 


PECL 


a) 
a) 
fe 
20 
U 
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Input High Current 


TTL, Viy= 5V 


PECL 


Input Low Current 


TTL, Vi.= OV 


Output High Current FLT: Voy = 5.0V 


Output Low Voltage FLT: Io, = 4mA 


Voc Fault Threshold Vee at -3.0V 


Vee Fault Threshold Voc at +5.0V 


READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iya = 10MA, Lyp = 75NH, Rur = 302, L cricacs (stray) < 10NH, 
C2rorm, = 0.024 uF. 


UNIT 


PARAMETER SYM CONDITIONS eC TYP MAX 


MR Head Current Range I, Rac = 4kQ C 5 10 15 mA 
5 < Ima < 15 -8 +8 
MR Head Current Tolerance lve 
lv = 102 A -5 +5 
Unselected MR Head Current G5 100 LA 
MR Bias Reference Voltage Se 1.9 2.0 2.1 V 


IRC to MR Bias Current Gain R 10 


Vin = 2mV,, @10MHz, 


R.(RDP, RDN) = 10kQ to GND 180 220 260 

Differential Voltage Gain Ay (each side) VIV 
Fast Mode 175 230 285 
-3dB 130 

Passband Upper Frequency Limit fur MHz 
Fast Mode 120 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iya = 10MA, Lyp = 75NH, Rur = 302, L cricacs (stray) < 10NH, 
C2rorm, = 0.024 uF. 


PARAMETER CONDITIONS 


a) 
= 
o 
= 
=u 
a 
a 


Cita = 0-024 UF 


Passband Lower -3dB Frequency 
Limit Fast Mode, C2ycta = 0.024F 


Equivalent Input Noise i f = 10 MHz 


Differential Input Capacitance 
Fast Mode 


Differential Input Resistance 


Fast Mode 


AC input V where Ay falls to 
Dynamic Range 90% of its value at Viy = 2mV,, 
@ f = 10 MHz 


Common Mode Rejection Ratio Vom = 100MVpp, f = 10 MHz 


sud ue F 100MVpp ON Veo or VE 
Power Supply Rejection Ratio $= 40M nod e ing 
Unselected Ress 


Channel Separation Mica 4 : MHz 


Output Offset Voltage 


Common Mode Output Voltage 


Common Mode Output Voltage Vocm(Read) - Voom (Write w/ 
Differential Bias) 


Read Mode No Series Resis- 
tance 


Single-Ended Output Resistance 
Read Mode 17 Series Resis- 
tance 


Output Current AC Coupled Load, RDP to RDN 


Extended Contact, 


MR Head-to-Disk Contact Roisk= 10MQ2 
Current 


Maximum Peak Discharge, 
Coisk = 300DF, Roigk = 10MQ 


Ime = 10mMA 
MR Head Potential, Selected Head 


Ima = 15mMA 


MR Head Potential, Unselected Head Vr 


Iva X Riva Product [Rue 


Buffered Head Voltage Gain Asuv 


BHV Input-Referred Voltage Offset Vosexv) BHV Gain = 4.0 + 2% 
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WRITE CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. ly = 25mA, Ly + Leray < 220NH, Rw = 15Q, foata = SMHz. 


PARAMETER CONDITIONS 


Write Current Reference Voltage Rac = 4kQ 


vu 
a) 
fe 
20 
U 
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lnc to Write Current Gain 


Write Current Range 


10<ly <45mA 


Write Current Tolerance (Servo mode at T,= 27°C only) 


Differential Head Voltage Swing Open Head, lw =40mA 


Unselected Head Transition Current 


Differential Output Capacitance 


Differential Output Resistance Internal Damping Resistance 


Open Head Detect Frequency Open Head 


Open Head Detect Resistance Open Head 


Write Data Frequency for Safe Condi- FLT low, < 5kQ pull-up 


** Open Head Detection is guaranteed up to a head resistance of 35Q and ally operates to 60Q. 
SWITCHING CHARACTERISTICS 
Recommended operating conditions apply unless otherwise sp - fpata = SMHZ, Ly + Letray < 220NH, Rw = 15Q, ly = 25mA. 


PARAMETER 


Read to Write Mode 


To 90% of envelope; 


Mite teueadl Mode + 20mV of final DC value 


To 90% of envelope; 


2 
idle to Read Mode + 20mV of final DC value 


; 2 To 90% of envelope; 
eee + 20mV of final DC value; 


(Read Mode) lug unchanged 


To 10% of read envelope or write 


. 2 
Write or Read to Idle eiincent 


50% WDX to 50% FLT, 


1 
Safe to Unsafe < 5kQ pull-up 


50% WDX to 50% FLT, 


1 
Unsafe to Safe < 5kQ pull-up 


Head Current Propagation Delay’ From 50% points 


Write Data has 50% duty cycle & 


Pay maMmeny ins rise/fall time, Ly = 0, Ry =0 


20-80% 
Rise/Fall Time 


ee Figures 72 and or write mode timing diagrams. 
2 From 50% of the 16th rising edge of SCLK when a serial I/O operation is used. 
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Figure 72 Write Mode Timing Diagram with Flip-Flop Active 
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Figure 73 Write Mode Timing Diagram without Flip-Flop Inactive 
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6-CHANNEL DIE 
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Specific Characteristics 
Die size: 172 x 129 Mils 


Pad Coordinates for the VM6166 (in Mils) Pin Name X Axis Y Axis Pad Size 
Pin Name X Axis Y Axis Pad Size EDP es ald ee 
sau 5555 507 = SCLK 81.441 -41.831 4x4 
BIAS 27.811 -59.941 4x4 oa uel =e — 
SENA 81.441 -33.161 4x4 
C1 -36.776 -59.941 4x10 
GaN sa Gee or ai TDN -81.441 -5.272 4x4oct 
oN Sa ace Tan ae TDP -81.441 2.783 4x4oct 
C2P 79.866 56.835 4x10 ida Aces Sel ei 
aap aces aaRee aan VCC -64.665 -59.941 4x10 
= 5755 ore ida VEE -24.370 -59.941 4x10 
CS 45.150 59.941 4x4 — oF! a —_ 
FLT -81.441 -21.252 4x4 
GND -77.071 -59.941 4x10 we Ge ; ce a 
HROON 81.441 17.823 4x4 oa eal = 
HROOP 81.441 11.004 4x4 LW oe ee sii 
HRO1N 46.504 59.870 4x4 @ of a tall ati 
HRO1P 53.323 59.870 ‘Sh 
HRO2N 19.228 59.870 
HRO2P 26.047 sa70_ | x4 
HRO3N -12.409 59.870 4x4 
HRO3P -5.591 59.870 4x4 
HRO4N -39.685 59.870 4x4 
HRO4P -32.866 59.870 4x4 
HRO5N -81.441 24.642 4x4 
HRO5P -81.441 31.461 4x4 
HWOOX 81.441 31.461 4x4 
HWOOY 81.441 24.642 4x4 
HW01X 32.866 59.870 4x4 
HWO01Y 39.685 59.870 4x4 
HW02X 5.591 59.870 4x4 
HWwo02Y 12.409 59.870 4x4 
HW03X -26.047 59.870 4x4 
HWO3Y -19.228 59.870 4x4 
HW04X -53.323 59.870 4x4 
HWO04Y -46.504 59.870 4x4 
HWO05X -81.441 11.004 4x4 
HWO5Y -81.441 17.823 4x4 
NTFF -81.441 -31.425 4x4 
RC -81.441 -41.598 4x4 
RDN 3.354 -59.941 4x4 
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Specific Characteristics 
Die size: 227 x 139 Mils 


VM61612 


12-CHANNEL DIE 


SZ 


VM6160 Series <™ 


Pad Coordinates for the VM61612 (in Mils) Pin Name X Axis Y Axis Pad Size 
HWO1Y 108.787 2. 4x4 
Pin Name X Axis Y Axis Pad Size HWOX a oa a = 
BHV 25.681 60.134 ax4 
HWwo02Y 108.787 29.642 4x4 
BIAS 9.598 -60.134 4x4 
HW03X 59.929 64.870 4x4 
C1 -56.051 -60.134 4x10 
HWO03Y 66.748 64.870 4x4 
C2N 107.327 46.071 4x10 
HWw04X 32.654 64.870 4x4 
C2N -107.327 46.071 4x10 aGay Gare arer0 oa 
C2P 107.327 61.835 4x10 : : : 
HW05X 5.378 64.870 4x4 
C2P -107.327 61.835 4x10 
HWO5Y 12.197 64.870 4x4 
C3 -69.996 -60.134 4x10 
HWO06X -25.835 64.870 4x4 
cs 26.937 -60.134 4x4 
HWO6Y : 64.870 4x4 
FLT -108.787 -45.362 4x4 awa ae raz re 
GND "97.638 60.134 4x10 = a= a 
HROON 108.787 -31.728 4x4 "7 50.386 a1 Gat — 
HROOP 108.787 -38.547 4x4 \y" 3.567 area _ 
HRO1N 108.787 -4.453 4x4 aay +08 755 ar a 
BROIF Vessels ee — HWO9Y z 08.787 33.853 ia 
HRO2N 108.787 22.823 ees : 
HW10X -108.787 -11.272 4x4 
HRO2P 108.787 16.00 x4 adOY EE aes a 
HRO3N 73.567 64.870 4x4 aWiix = ao 36 ae = 
HRO3P 80.386 64.870 4x4 aa ~ — = — — 
HRO4N 46.291 64.870 4x4 STEE = aes 504 7 = 
HRO4P 53.110 64.870 4x4 aC : 3 x36 503 mn a 
HROS5N 19.016 64.870 4x4 ABN ; =a 504 aT a 
HROSP 25.835 64.870 4x4 —_ = = - i 
HROGN 12.197 64.870 4x4 SCLK TaDT6 04 3a — 
HROGP 5.378 64.870 4x4 sas aE = = = 
HRO7N -39.472 64.870 4x4 ENA Sagas 503 ad a 
HRO7P -32.654 64.870 4x4 7a a ETE a3 z ; 
HRO8N -66.748 64.870 4x4 Tie aaa ae 7 ae ion 
HRO8P -59.929 64.870 4x4 Tes we 757 = ao - 
HROON -108.787 29.642 4x4 Tee a re 04 a i ' ; 
HROOP -108.787 36.461 4x4 VEE 73.646 04 a = 5 
HR10N -108.787 2.366 4x4 Jenn <5 an 307 aa - : 
HR10P -108.787 9.185 4x4 7NEG aa Gis 503 aa = , 
HR11N -108.787 -24.909 4x4 aes Ta aa8 04 a = 7 
HR11P -108.787 -18.091 4x4 ane A a RET _ 
HWO00X 108.787 -18.091 4x4 WBY ies 0134 a 
HWOOY 108.787 -24.909 4x4 WET oar 507 a — 
HWo01X 108.787 9.185 4x4 : i 
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VM6170S Series 


MAGNETO-RESISTIVE HEAD, 
PROGRAMMABLE READ/ 
WRITE PREAMPLIFIER 


990812 PRELIMINARY August 12, 1999 
FEATURES BLOCK DIAGRAM 
* General GND VEE Vcc 
- Designed for Use With Four-Terminal MR Heads O O O 
- 3-Line Serial Interface ro 4 
(Provides Programmable Bias Current, Write Current, Head Q 
Selection, TA Threshold and Options Control) wes ‘ Vak Ey ae 
- Operates from +5 and -4.5 Volt Power Supplies DFF Ld wax 
- Upto 10-Channels Available = Petits _ te 
- Fault Detect Capability Source & [_® 
. = -—O 
¢ High Performance Reader t i = 
- Current Bias / Current Sense Configuration é =e 
- MR BIAS Current 5-bit DAC, 6 - 16 mA Range MR Bias Curent DAG - La nay 
- Programmable Read Voltage Gain L__3 away 
(250 V/V or 350 V/V) Write Current DAC ere 
- Fast Read Mode — TA Threshold DAC 
- Input Noise = 0.85 nV/VHz Typical PO Hwey 
- Input Capacitance = 18 pF Typical 4 
- Head Inductance Range = 100 nH - 300 nH Sel 
- Mask Select Resistors (0, 10, 15, 30 Q) in series with RDP, ne ‘ : 
RDN or hermal Asperity 7] Fault | FLT 
* High Speed Writer : _ ry 
- Write Current 5-bit DAC, 20 - 65 mA Range w 
- Rise Time = 1.5 ns Typical (Lita, = 66 NH, ly = 65 mA) HeadiSelect 
- Programmable Write Data Flip-Flop (WDFF) Gy ISET O7 Serial Contialior 
DESCRIPTION 
The VM6170S is an integrated bipolar pr read/ 
write preamplifier designed for use in high ance hard nneee 
disk drive applications using 4-terminal magneto-resistive (MR) one y } pop 
recording heads. The VM6170S contains a thin-film head writer, HRP dy S » ¢y RDN 
an MR reader, and associated fault circuitry. It provides bias HRIN 
current and control loops for setting the DC voltages on the MR t 5 i 
element. eT 8 4 vo 
Programmability of the VM6170S is achieved through a 3-line a fe 
serial interface. Programmable parameters include MR bias Heke ‘ = 
current, write current, head selection, read gain and thermal HRN & le 
asperity detection threshold. seer MR Controller 
Fault protection circuitry disables the write current generator Seon 
upon critical fault detection. This protects the disk from potential 
data loss. For added data protection, an internal pull-up resistor aR 4 a 4 ia Im 
is connected to the mode select line (R/W) to prevent accidental c2P  C2N CIP CIN FAST DUMY 


writing due to an open line. 

The VM6170S operates from +5V, -4.5V power supplies. Low 
power dissipation is achieved through the use of high-speed 
bipolar processing and innovative circuit design techniques. 
When deselected, the device enters an idle mode which reduces 
the power dissipation. 

The VM6170S is available in die form for chip-on-flex 
applications. Please consult VTC for details. 
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See page 271 for the Pin Function List and Description. 
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ABSOLUTE MAXIMUM RATINGS 


Power Supply: 


Vices vacheuesnenancntaxtacted undessntenesbednelusarhinanseanteaes +0.3V to -7V 
V Giger J vidtinnmeeuveeitnieabeweice eetasindtentitnantademndees siieannehs -0.3V to +7V 
Read Bias Current, Iya ...-ee eee cee eee eee eee ee eeee eee ea eee eee ee eee en ee 30mA 
Write Current, ly ..........:cceeeee eee ee ee neces ee eeee eee ea eee nents eee 100mA 


Input Voltages: 
Digital Input Voltage, Vin 
Head Port Voltage, V, 


-0.3V to (Veg + 0.3)V 
-0.3V to (Veg + 0.3)V 


Output Current: 
RDPWRDINGIG: ssduscssanese<datnemnsciledideanncnsaedineeunseedasee -10mA 
Junction Temperature, T, 150°C 


Storage Temperature, Ts -65° to 150°C 


RECOMMENDED OPERATING CONDITIONS 


Power Supply Voltage: 


Wee cutereetthnhes. tetenieste ruc disci ate Gaceeedeaeuaunueeneesim -4.5V +10% 

Wee habasdehedtanuidel addauseaeshgleasie cdushesesnecaehastenaeen +5V+10% 
Write Current, Wyy secs sasvinrneitanncveanvinnmubvncaivesasnaeed dotnet 20-65 mA 
Write Head Inductance, Ly .........:.:cceeeeeeeeeeeeeeeeees 100 - 300 nH 
Write Head Resistance, Ry ...........::::ceeeeeeeeeeeeee teens 10-30 
Read Bias Current, Iyq ...-.-eceeeeeeeeee eee eeeeeeeeeeeeeeeeeeee 6-16mA 
Read Head Inductance, Lyp ........eeeeeeeeee eee .. 10-100 nH 
Read Head Resistance, Ryp..........cceeeeeeeeeeeeeeeeeeee eens 15-500 


Junction Temperature, T, 0°C to 125°C 


SERIAL INTERFACE CONTROLLER 

The VM6170S uses a VTC proprietary 3-line re 
interface for control of most chip functions a 
selection, MR bias current magnitude and 
magnitude. See Tables 109 and 110 fora Eaintiog: 
Note: Although the serial interface is available during all 

modes, VTC recommends no serial activity during read 
and write operations (except to enter Idle mode) since 
errors may be generated. 

The serial interface has two input lines, SCLK (serial clock) 
and SENA (serial enable), and one bidirectional line SDIO (serial 
data input/output). The SCLK line is used as reference for 
clocking data into and out-of SDIO. The SENA line is used to 
activate the SDCLK and SDIO lines and power-up the 
associated circuitry. 

16 bits constitutes a complete data transfer. The first 8 bits are 
write-only and consist of one read/write bit <A0>, four reserved 
preamp bits <A7-A5, A1>, and three register address bits <A4- 
A2>. The second 8 bits <D7-D0> consist of six data bits <D7- 
D2> and two reserved timing bits <D1-D0>. 

A data transfer is initiated upon the assertion of the serial 
enable line (SENA). Data present on the serial data input/output 
line (SDIO) will be latched-in on the rising edge of SCLK. During 
a write sequence this will continue for 16 cycles; on the 16th 
rising edge, the data will be written to the addressed register. 

During aread sequence, SDIO will become active on the rising 
edge of the 10th cycle (delayed two cycles to allow the controller 
to release control of SDIO). Upon the falling edge of the 11th 
cycle <D2> will be presented and data will continue to be 
presented on the SDIO line on subsequent falling edges of 
SCLK. Two reserved timing bits <D1-D0> allow time for the 
controller to tristate on line SDIO and the VM6170S to drive line 
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SDIO. 
See Table 113 and Figures 75 and 76 for serial interface timing 
information. 


OPERATIONAL MODES 


Idle Mode 

In the idle mode, power dissipation is reduced to a minimum. 
All circuitry is powered-down except the serial registers (the 
contents of which remain latched). 

Idle mode is controlled with the PWRUP bit (register 3, 
bit <D7>). Note that this bit is the only means of entering idle 
mode or powering the VM6170S out of Idle mode without a fault. 
This bit has a power-on-reset value of <0> which enables Idle 
Mode. 


Read Mode 

In the read mode, the circuit operates as a low noise 
differential amplifier which senses resistance changes in the MR 
element which correspond to flux changes on the disk. 

In the read mode the bias generator, the input multiplexer, the 
read preamp and ee read fault detection circuitry are active. 

The na use current-bias/current-sensing MR 


ote cre ous of the MR bias current is referenced 


to the curr gh an external resistor (2.5kQ 
nomina towne a pin ISET and ground). The 
wing ion governs the MR bias current magnitude: 


ma Bo) (eq. 58) 
SET 
IR represents the bias current flowing to the MR element (in mA). 
Roger represents the equivalent resistance between the ISET pin and ground (in 
kQ). 
kip represents the MR bias DAC setting (0 to 31). 


- ent 


The above Iv, equation will give a bias current range of 
6-16 mA. 

With the use of a negative supply, the MR head center voltage 
is near ground potential minimizing current spikes during disk 
contact. 

LOWG (Low Gain) 

This control bit (register 0, bit <D7>) selects the gain. When 
high, a gain of 250 V/V is used; when low, a gain of 350 V/V is 
used. This bit has a power-on-reset value of <0> which selects 
high gain (350 V/V). 

MRHVE (MR Head Voltage Enabled) 

This control bit (register 0, bit <D2>) enables the output of the 
(Imp<Rua) product of the selected head at the RDP-RDN 
differential outputs. To accurately measure this voltage, the 
nominal read mode RDP-RDN offset should be noted with no 
read signal present and MRHVE low. This offset should be 
subtracted from the differential voltage with MRHVE high: 


lur*Rur = Vurnc- Vos (eq. 59) 


Iva X Rp) represents the bias-curreni/head-resistance product. 
Vur_pc represents the voltage measured at RDP-RDN with MRHVE=1. 
Vos represents the RDP-RDN offset with MRHVE=0 and no read signal present. 
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Fast Read Mode 

The Fast Read mode, when enabled, increases the 
transconductance (tail current) of the first stage of the read 
amplifier. This effectively increases the lower corner frequency 
of the amplifier’s bandpass by a factor of approximately 15 to 20 
without changing the gain. 
MR Bias DAC 

The 5 bits in register 1 (<D7-D3>) represent the binary 
equivalent of the DAC setting (0-31, loaded LSB first). 
Thermal Asperity Detection 

If ahead-to-disk contact occurs, the thermal asperity in the MR 
element will result in a fault condition. The threshold for thermal 
asperity detection is governed by the following equation: 


Vrapr = 0.4 + (0.08 x krap7) (eq. 60) 


Vrapt represents the TA threshold (input-referred in mVp-p). 
ktapr represents the TA DAC setting (0-15). 

Note that a fault condition resulting from a thermal asperity will 
reset only after the amplitude falls to 40% of the programmed 
detection threshold. (Hysteresis is disabled for the lower half of 
the programmable threshold range.) 
The thermal asperity detection circuitry may be disabled with the 
TADD bit (register 3, bit <D2>). This bit has a power-on-reset 
value of <0> which enables thermal asperity detection. 
Fault Detection 

In the read mode, a TTL low on the FLT line indicates a fault 
condition. The fault condition can be triggered by any of the 


following conditions: G 


« MR open head detected 
* Thermal Asperity detected 
* Low power supply voltage 

* Device in write mode 
The fault detection circuitry may be disabled with the FLTD bit 
(register 1, bit <D2>). This bit has a power-on-reset value of <0> 
which enables fault detection. 
Write Mode 

In the write mode, the circuit operates as a current switch, 
driving the thin-film write element of the MR head. 

The magnitude of the write current is referenced to the current 
flowing through an external 2.5kQ resistor (connected between 
pin ISET and ground). The following equation governs the write 


current magnitude: 
é kw $=) 


50 
v= lsat Rser 


(eq. 61) 


lw represents the write current flowing to the selected head (in mA). 
Reser represents the equivalent resistance between the ISET pin and ground (in 
kQ). 
kw represents the write pee DAC setting (0 to 31). 

The above lw equation will give a write current range of 
20-65 mA. 

The write data (PECL) signals on the WDX and WDY lines 
drive the optional internal flip-flop which drives the current switch 
of the selected head. 

Control bit TFFD (register 2, bit <D2>) enables the internal 
write data flip-flop. This bit has a power-on-reset value of <0> 
which disables the flip-flop. 
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See Figures 77 and 78 for timing diagrams. 


Write Current DAC 

The 5 bits in register 2 (<D7-D3>) represent the binary 
equivalent of the DAC setting (0-31, loaded LSB first). 
Write-to-Read Recovery Enhancement 

The following conditions are maintained to reduce write-to- 
read recovery time: 


7) 
= 
o 
= 
=u 
ra 
a. 


« MR bias current is maintained in write mode 
« Reader outputs are high impedance so that the AC-coupling 


capacitors hold their charge until the next read 
Fault Detection 
In the write mode, a TTL high on the FLT line indicates a fault 
condition. The fault condition can be triggered by any of the 
following conditions: 
* Insufficient write data transition frequency 
(>500ns between transitions) 
* Open head 
* No write current 
In addition to generating a write fault, the following conditions will 
result in the shutdo e write current source and eliminate 
current flow to e 


* Lo er ly voltage 
* De ead mode 


able 107Head Select 


HS3 HS2 HS1 HSO 
3:<D6> 3:<D5> 3:<D4> 3:<D3> Reon 

0 0 0 0 0 
0 0 0 1 1 
0 0 1 0 2 
0 0 1 1 3 
0 1 0 0 4 
0 1 0 1 5 
0 1 1 0 6 
0 1 1 1 7 
1 0 0 0 8 
1 0 0 1 9 

(all other combinations) 0 


Note: The head-select lines are equipped with pull-down resis- 
tors to ensure known default head selection (head 0). 
Note that head 0 is selected for all unrecognized 
head-select codes. 


Table 108DUMY Mode for Bias Current 


DUMY 
(bias only) CONDITION 
0 Bias current flows to the selected head. 


(see Table 107) 
Bias current flows to a dummy head. 
(a 28Q resistor) 
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*The <DO> and <D1> bits are reserved timing bits to provide sufficient time for the controller to 
tristate its output (release control of SDIO), and the VM6170S to untristate (activate control of SDIO). 


Clk 16 


SCLK 
| Register Address Bits | Data Bits | 
SDIO (RWDX At XA2 XAB_X AS KAS KAS XAT KX DO D1 X D2 X D3 X D4 X Ds X DG X D7 ) 
* 
SENA 


Figure 74 Serial Port Protocol 


Table 109Serial Interface Bit Description -- Address Bits 


: Register Address Bits 
Function Register # <A7-Al> 
Gain / Thermal Asperity / 0 A 7 a 1/0 
MR Head Voltage 
MR Bias / Fault Detect 1 a e 0 1 e 1/0 
Write Current DAC / a a 
Toggle Flip-Flop ‘i rk oe ee a” 
Power Up / Head Select / P 7 
Thermal Asperity Disable . Oo : ; a0 
Vendor ID ’ a a 1 0 0 a 1 
(read only) 


a. Reserved 


Table 110Serial Interface Bit Description -- Data Bits 


Function 


Register # 


Data Bits 


<D4> <D3> 


Gain / Thermal Asperity / 
MR Head Voltage 


TADT1 | TADTO 


MR Bias / Fault Detect 


IMR1 IMRO 


Write Current DAC / 
Toggle Flip-Flop 


Power Up / Head Select / 
TA Disable 


Vendor ID 


a. Reserved 
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Table 111 Mode Select 


Rw | Fast | PWRUP MODE ei 

3:<D7> a 

c= 

1 0) 1 Read =a 

1 1 1 Read Fast a 
0 x 1 Write 
Xx Xx 0 Idle 


Table 112Power-on Reset Register Values 


. : Power-on Reset Value 
Function Register Number <D7-D0> 


Gain / Thermal Asperity / 


MR Head Voltage . nove. 
MR Bias / Fault Detect 1 <0000 0000> 
Write Current DAC / 2 <0000 0000> 


Toggle Flip-Flop 
Power Up / Head Select / 3 <0000 0000> 


TA Disable 
Vendor ID 4 <0000 0000> | A 
Table 113Serial Interface Parameters A 
a2) + 


DESCRIPTION SYM MIN NOM MAX UNITS 

Serial Clock (SCLK) Rate .001 20 MHz 
SENA to SCLK delay S 65 ns 
SDIO setup time ds 15 ns 
SDIO hold time oe Te 10 ns 
SCLK cycle time Ts 50 nS 
SCLK high time Toxh 20 nS 
SCLK low time Toni 20 nS 
SENA hold time Tshia 20 nS 
Time between I/O operations Ta 100 nS 
Time to tristate controller drivin 

SDIO (release control of SDI0). Tre av ne 
Time to activate SDIO Tag 20 ns 
Duration of SENA Tha 885 ns 
SENA to SDIO Tristate Delay Tz 50 nS 


Note: SENA assertion level is high. 
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Figure 75 Serial Port Timing 


SCLK 


SDIO 


SENA 


Figure 76 Serial Port Timing - Tristate Control 
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PIN FUNCTION LIST AND DESCRIPTION 


Signal Input/Output # Description 
o 
DUMY | Dummy Head for bias current: - = 
A TTL high level selects a dummy head (for MR bias current only). Pin defaults low = 
(non-dummy). cr 
RW [? Read/Write: 
A TTL low level enables write mode. Pin defaults high (read mode). 
FLT g* Write/Read Fault: 
A TTL high level indicates a fault in write mode. A TTL low level indicates a fault in read 
mode. 
WDX, WDY [Ee Differential Pseudo-ECL write data inputs. 
HROP-HR9P | MR head connections, positive end. 
HRON-HR9N | MR head connections, negative end. 
HWOX-HW9X Thin-Film write head connections, positive end. 
HWOY-HW9Y Thin-Film write head connections, negative end 
RDP, RDN 0°» Read Data: 
Differential read signal outputs. 
C1P, C1N Noise bypass capacitor input for current source. 
C2P, C2N Compensation capacitor for the d current loop. 
VD | © Analog Voltage cf or bias. 
VEE b 4.5Vs yo 
VCC 5 ‘as 
GND ? d 
ISET ? Reference Current for both MR Bias and Write Current. 
FAST [e FAST Read Mode: 
ATTL high level enables FAST read mode. Pin defaults low (FAST disabled). 
SENA [5 Serial Enable: 
Serial port enable signal; see Figures 75 and 76. 
SCLK [> Serial Clock: 
Serial port clock; see Figures 75 and 76. 
SDIO lo ® Serial Data: 


Serial port data; see Figures 75 and 76. 


a. | = Input pin, O = Output pin 
b. When more than one device is used, these signals can be wire-OR’ed together. 
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TYPICAL CONNECTION DIAGRAM 


a 
(5 nF Typical) =e 


HR9P 
Hwe9x 
HW8X 
HR8P 
HR8N 
HW8Y 
HR7N 
HR7P 
HW7X 


uU 
a 
= 
27 
U 
on 


. 
z 
3 
-5V C2N C2P rs vA Pa 
8 


VEE 
HW6X 
VEE HR6P 
HR6N 
; C1N HWe6Y 
(0.1 LLF Typical) —_—-_ =a 
CIP 
HWS5Y 
HR5N 
_— HRS5P 
ISET HW5X 
RDP ——~ 
HW4X 
- HR4P 
Os ——~ HRAN 
WDX 
HWw4y 
wpy —1 
+5V RNW —}; 
T FAST —1 
5kKQ. DUMY __. HW3Y 
ra HR3N 
FLT met es | HR3P 
sDIO — HW3X 


1, 
Typical) 


HR2N 
HR2P 
HW2X 


HWoyY 
HROP 
HWox 


Application Notes: 


73) Minimizing parasitics at this node is vital. Place a high quality (low resistance, low inductance) capacitor as close to the die as 
possible. 

74) This capacitor is split to minimize parasitics from all heads to the AC-coupling capacitor. 
A single C2 capacitor may be connected to either set of C2P/C2N pads, however, performance may be 
compromised with a single C2 capacitor configuration. 

75) VTC recommends placing decoupling 0.1 uF and 0.01 uF capacitors in parallel between the following pins: 
VCC - GND 
VEE - GND 
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STATIC (DC) CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. lyja= 12 MA, ly = 65 mA. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 2 
Read Mode, Serial I/O Active 99 113 cs 
Read Mode, Serial I/O Inactive 91.5 101 e 
Voc Power Supply Current loc Write Mode 160 172 mA 
Idle Mode, Serial I/O Active 24 
Idle Mode, Serial I/O Inactive 17 
Read Mode 61 67 
Vee Power Supply Current lee Write Mode 135 142 mA 
Idle Mode 8 
Read Mode, Serial I/O Active 765 865 
Read Mode, Serial I/O Inactive 730 804 


Power Supply Dissipation Py Write Mode 1400 1650 mW 
Idle Mode, Serial I/O Active KE 155 TBD 


Idle Mode, Serial /O na, 120 
Voc = Voc > 
PECL ov 1.0 07 V 


Input High Voltage Vin 

S 3.5 Voo + Vv 

, 0.3 
re} CL Vin- 1.5 oe V 

Input Low Voltage ViL ; 

CMOS -0.3 1.5 V 

PECL 120 HA 
Input High Current Ni 

CMOS -160 160 HA 

PECL 120 yA 
Input Low Current lie 

CMOS -160 160 HA 
Output High Current lon FLT: Voy = 5.0V 50 HA 
Output Low Voltage Vor FLT: lop = 4mA 0.5 V 
Voc Fault Threshold VotH 3.75 4.25 V 
Vee Fault Threshold VetH -3.75 -3.25 V 
Disk Reference Voltage Range Vp -250 250 mV 
Bias Reference Voltage Veer Reset = 2500 2.5 V 
Monitored MR 
DC Voltage Accuracy (RDP- Vurpo Vurpc-Vos -6 6 % 


RDN) 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. Iyp = 12mMA, Lyra = 25nNH, Ry, = 42Q. 


2 PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
m 
z = MR Head Current Range lar Reet = 25002 6 16 mA 
U0 
2 MR Head Current Tolerance lr X = 6 + 0.322Kima, Roget = 25002 .95x 1.05x mA 
Unselected MR Head Current 100 HA 
; : mA/ 
Iser to MR Bias Current Gain Amr Rger = 25009, kip = 31 16 mA 
Vin = 1mV,, @10MHz, LOWG=0 260 350 440 
Differential Voltage Gain Ay VIV 
Vin = 1MV,p @10MHz, LOWG=1 185 250 315 
Passband Upper Frequency “1dB TBD 
Limi fur MHz 
imit -3dB 110 
Paeeband Lower See) Ete- fix C, = 6nF 0.1 0.3 0.5 MHz 
quency Limit 
Passband Lower -3dB Fre- 
quency Limit, Fast Recovery far FAST low 6 MHz 
Mode AK 
nv/ 


Equivalent Input Noise Cin 1<f<20 MHz (A 0.85 alae 


Differential Input Capacitance Cin Oo 10 pF 


Differential Inout Resistance Rin 5.8 Q 
“Te V where A, falls to 90% 
Dynamic Range oa) of its value at Viy = 1MV,, 4 MV op 


@ f = 10 MHz 
ae : CMR 
Common Mode Rejection Ratio R Vom = 1MVpp, 1 < f < 80 MHz TBD dB 
Power Supply Rejection Ratio psAR | (0nWse on veoer Ven TBD dB 


1<f<50 MHz 


: Unselected Channels: 
Channel Separation CS Viv= 1MVpp 1 <f < 120 MHz 30 dB 


Output Offset Voltage Vos -100 100 mV 
_ Voc - Voc - Voc - 

Common Mode Output Voltage Vocm MRHVE = 0 29 26 23 V 

Common Mode Output Voltage ' 

Differential AVocm Vocm (Read) - Voom (Write) -250 250 mV 
5 : : : 

Single-Ended Output Resistance | Rseo Hernan teneal ene 274 374 Q 
AC-Coupled Load, RDP to RDN, 25 as 
Read mode 

Output Current lo 
AC-Coupled Load, RDP to RDN, 50 ok 


Any other mode 
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READ CHARACTERISTICS 


Recommended operating conditions apply unless otherwise specified. Iya = 12mMA, Lyra = 25nH, Ry, = 42Q. 


VM6170S 


& 


/ 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
o 
a 
a 100 A oc = 
MR Head-to-Disk Contact | a cr 
DISK a 
Current Maximum Peak Discharge, 5a om 
Coisk = 300pF, Roisk = 1 OMQ 
MR Head Potential, Vo + 
Selected Head Vir Mon 200 500 ue 
Total Harmonic Distortion THD Vin = 4mVpp, ten harmonics 0.5 % 
Thermal Asperity X = 0.25 + 0.09kqap7 
Detection Threshold anor Input-Referred, Rser = 2500Q Onee teen any 
WRITE CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. ly = 65mA, L4,= 90nH, Ry = 17Q, fpata = S5MHz. 
PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Iser to Write Current Gain Aw Rger = 25009, kw = 31 65 mA/mA 
Write Current Range lw Reset = 2500 2 65 mA 
X = 20 + 1.452ki, 
Write Current Tolerance Alw Reer= 25000 PAS 1.08x mA 
Differential Head Voltage Swing Vou Open Head % 9 10 Vop 
Unselected Head Transition (©) 
Current lun Ge HA 
Differential Output Capacitance Co © 5 pF 
Time Between Transitions for (@) 
Safe Condition tsa FLT low 500 ns 
Time Between Transitions for ee areree 
Fault Inhibition tiny FLT function inhibited 15 23 ns 
SWITCHING CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. fpar, = 5MHz, Ly = 66nH, Ry = 14Q, ly = 65mA. 
PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
RW to Write Mode trw To 90% of write current 0.5 us 
— To 90% of envelope; 
Riolene Mode ‘wR | + 10mV of final DC value Hee ye 
To 90% of envelope; 50 
Idle (SCLK 16th rising edge) t + 10mV of final DC value Ss 
to Read Mode cs 
FAST = high for 3.5 ps 5 
To 90% of envelope; 
to Any Head (including DUMY) HS Iva unchanged H 
FAST = high for 3.5 ps 5 
SCLK 16th rising edge To 10% of read envelope or write 
tr) 0.6 Us 
to Unselect current 
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SWITCHING CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. fpar, = 5MHz, Ly= 66nH, Ry = 14Q, ly = 65mA. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
a") 
a 
ms , To 90% of envelope; 
ne |e "IMR | + 10mV of final DC value . Lae ai 
a 


To 90% of envelope; 
Ime (min) to Ime (max) timr + 10mV of final DC value; 200 TBD us 
Ia unchanged 


Safe to Unsafe @ tp4 50% WDX to 50% FLT 0.6 3.6 us 


Unsafe to Safe # tp2 50% WDX to 50% FLT 1.0 us 


a 


Head Current Propagation Delay tp3 From 50% points 30 ns 


Write Data has 50% duty cycle & 


ASyneneny Asym Ins rise/fall time, Ly = 0, Ry = 0 oS oe 
Rise/Fall Time ty / te 20-80% 125 TBD ns 
Settling Time twser + 10% TBD us 
Overshoot Woov 30 TBD % 


a. See Figures 77 and 78 for write mode timing diagrams. ae 


WDX - WDY_ - aa 
lis toi 
jo ae \%) 
—r| ~<=e- 
tps 
ss _ y 


Figure 77 Write Mode Timing Diagram with Flip-Flop Active 


~ 


wox-wov J \_/\_/\ 


lin to 
FLT Lg ips, 
Sa <—-- 
tos 
HWnxX - HWnY \ a an 
(Iw) 


Figure 78 Write Mode Timing Diagram with Flip-Flop Inactive 


1-276 VTC Inc., 2800 East Old Shakopee Road, Bloomington, MN 55425, 612-853-5100 


\/ 
990812 VM6170S S 


VM6170S 


10-CHANNEL DIE 


7) 
= 
o 
= 
=u 
a 
a 


Specific Characteristics 
Die size: 182 X 179 Mils 


VM6170S Pad Coordinates (in Mils) Pin Name X Axis Y Axis Pad Size 
GND 86.398 -65.945 4x10 
Pin Name X Axis Y Axis Pad Size GND 36.508 55.945 = 0 
CIN 49.163 -84.902 4x10 = a 7 
VD -86.398 -31.693 4x4 
CiP -36.506 -84.902 4x10 
VCC 86.398 -78.376 4x10 
C2N 86.398 -53.543 4x10 
VCC -86.398 -78.435 4x10 
C2N -86.398 -53.543 4x10 
VEE -61.604 -84.902 4x10 
C2P 86.398 -41.142 4x10 VEE 5150 34908 a0 
C2P -86.398 -41.142 4x10 — —* 
HWwoY 72.618 -19.154 4x4 
DUMY 49.026 -84.902 4x4 
HW1Y 72.618 26.319 4x4 
FAST 42.530 -84.902 4x4 
HW2Y 72 32.815 4x4 
FLT 55.522 -84.902 4x4 
HW3Y 71.122 4x4 
ISET 11.732 -84.902 4x4 
HW4 a7. 71.122 4x4 
HRON 72.618 -12.657 4x4 
H -27.815 Fijee 4x4 
HRIN 72.618 19.823 4x4 A OIE REE om 
HR2N 72.618 39.311 4x4 Qs Saati is 
7Y -72.618 32.815 4x4 
HR3N 40.807 71.122 4x4 
HweyY -72.618 26.319 4x4 
HR4N 21.319 71.122 4 
HWwoY -72.618 -19.154 4x4 
HR5N -21.319 71.122 
HWwox 72.618 0.335 4x4 
HR6N -40.807 71.122 x4 Wx 6a saat a 
HR7N -72.618 39.311 4x4 
HW2x 72.618 52.303 4x4 
HR8N -72.618 19.823 4x4 aan er EEE ed 
HRON -72.618 -12.657 4x4 ‘i 
Hw4x 8.327 71.122 4x4 
HROP 72.618 -6.161 4x4 
HW5X -8.327 71.122 4x4 
HR1P 72.618 13.327 4x4 Te ee RED 7 
HR2P 72.618 45.807 4x4 = 
HW7X -72.618 52.303 4x4 
HR3P 47.303 71.122 4x4 Wax ia a1 a 
HR4P 14.823 71.122 4x4 a x 
Hwox -72.618 0.335 4x4 
HR5P -14.823 rane 4x4 
WDY 29.537 -84.902 4x4 
HR6P -47.303 71.122 4x4 
WDX 23.041 -84.902 4x4 
HR7P -72.618 45.807 4x4 
HR8P -72.618 13.327 4x4 
HROP -72.618 -6.161 4x4 
RDN 6.102 -84.902 4x4 
RDP -0.394 -84.902 4x4 
RNW 36.033 -84.902 4x4 
SCLK 75.010 -84.902 4x4 
SDIO 68.514 -84.902 4x4 
SENA 62.018 -84.902 4x4 
GND 16.535 -84.902 4x4 
GND 86.398 -31.693 4x4 


VTC Inc., 2800 East Old Shakopee Road, Bloomington, MN 55425, 612-853-5100 1-277 


x 


QWs VM6170S 990812 


a) 
PB!) 
fez 
20 
U 
n 


1-278 VTC Inc., 2800 East Old Shakopee Road, Bloomington, MN 55425, 612-853-5100 


WG 
Sx 
eS 4 VTC ‘ ‘ae 


VM6180 


PROGRAMMAB 
MAGNETO-RES 


Series 
LE, 5-VOLT, 
ISTIVE HEAD, 


READ/WRITE PREAMPLIFIER 
with SERVO WRITE 


PRELIMINARY 


990812 August 12, 1999 
FEATURES BLOCK DIAGRAM 
* General pane 
- Designed for Use With Four-Terminal MR Heads = a 
- 3-Line Serial Interface with Readback WDX | Hwox 
(Provides Programmable Bias Current, Write Current, Head woY O db HWoy 
Selection, Thermal Asperity, and Servo Operation) : | Ld wax 
- Bandwidth = 200 MHz Nominal Pico ~ ESawy 
(Rur = 38Q, Lyr < 20nH) Source 2 
- Operates from a Single +5 Volt Power Supply 2 r 
- Fault Detection Capability E 9° 
- 4 Channel Available in a 30-pin VSOP Package e | © 1 
- 8 Channel Available in a 48-pin TQFP Package : foe 
° Bou Performance Reader RS ee ae 1 
Current Bias / Current Sense Architecture al ieee =, a 1 
- MR Bias Current 5-bit DAC, 5 - 16 mA Range Thermal Asperity I 
- Programmable Read Voltage Gain sik 6 Detection Threshold 
(200 V/V or 300 V/V Typical) svio d_| 
- Thermal Asperity Detection and seik Servo Enable 
Fast Recovery Compensation | rear as Eee 
- Digital and Analog Buffered Head Voltage (BHV) Sleep / Idle / Gain ry 
Measurement Modes RW O 
- Input Noise = 0.73 nV/VHz Typical FAST GO Head Select 
Rmur_ = 33Q, Ip = 10mMA BIAS t : 
‘ ae Supely election Bae = 45 dB (1 <f < 100 MHz) a Sonne 
- Dual Reader Input with One Side Grounded Externally | 
° nee Speed Writer 
Write Current 5-bit DAC, 10 - 50 mA Range HROP CQ » ee 
- Rise Time (Ry - 15Q, Ly = 180 nH, lw = 30 mA): HR1P Q— © RDN 
4 Channel = 2.2 ns Typical, 8 Channel = 2.7 ns Typical HR2PQ— 
- Multi-Channel Servo Write HR3P (}—{ 8 
Tap | 2 pO Y 
DESCRIPTION ‘ursp GO— 2 
The VM6180 is a high-performance read/write preamplifier "Ree G— lal 
designed for use with 4-terminal magneto-resistive recording ‘Have O— oe ack 
heads in low-power applications. The VM6180 operates from a 
single +5V power supply. This device provides write current to Ps 
the write current drivers, DC bias current for the MR head, read Or 1. Available only on 8 Channel Device 
and write fault detection, and multi-channel servo write. This 
device also provides low voltage power supply detection and ABSOLUTE MAXIMUM RATINGS 
power-saving idle and sleep modes. 
Programmability of the VM6180 is achieved through a 3-line Power Supply: 
serial interface. Programmable parameters include MR bias sss cocatneeis cata emesa eee -0.3V to +7V 
current, write current, head selection, thermal asperity detection Read Bias Current, [ya ssi sssciniticwseuccrseseuaseeenteesnes 30mA 
threshold and servo operation. Write Current Nyy scscerccccsporessasensaecetennsencibaseasbaseteaccedennes 60mA 


Available in 4 and 8-channel options. Please consult VTC for 
other channel-count and/or package availability. 
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Input Voltages: 

Digital Input Voltage, Vin 
Head Port Voltage, V, 
Output Current: 

RDP, RDN: I 
Junction Temperature, TJ 
Storage Temperature, Tstg 
Thermal Impedance, Oj, 


-0.3V to (Veg + 0.3)V 
-0.3V to (Voc + 0.3)V 


150°C 


30-ead VSOP. sisscssiscctisesace tanec sacs ncneacesnaanaedecnne’ 88°C/W 
AS-LOACNQEP: “siccestocittatnounacmasncsiceconeecesncesimacenaeds 75°C/W 
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RECOMMENDED OPERATING CONDITIONS 


Power Supply Voltage: 

W.GG) - osadonsecapemet Oras ehocetatateadatoens su tanenesssaen aecoueneets +5V+10% 
Write- Current, Nyy sien siiie cate catieanneweastnequswntan veaawiedeneianes 10-50 mA 
Write Head Inductance, Ly 10 - 300 nH 


Write Head Resistance, Rw 10-30 
Read Bias Current, Iya ...-ee eee eeeeeeee eee teeter eee 5-16mA 
Read Head Inductance, Ly,» 10 - 100 nH 
Read Head Resistance, Ryp.........eccceeceeeeeeeeeeeeeeeeeee 15-50Q 
Junction Temperature, Ty ............cceceeeeeeeeeee ee eeee eee 0°C to 125°C 


Serial Interface Controller 

The VM6180 uses a 3-line read/write serial interface for control 
of most chip functions including head selection, MR bias current 
magnitude and write current magnitude. See Tables 117 and 
118 for a bit description. 

The serial interface has two input lines, SCLK (serial clock) 
and SENA (serial enable), and one bidirectional line SDIO (serial 
data input/output). The SCLK line is used as reference for 
clocking data into and out-of SDIO. The SENA line is used to 
activate the SDCLK and SDIO lines and power-up the 
associated circuitry. The bidirectional SDIO line supports full 
readback. 

16 bits constitutes a complete data transfer. The first 8 bits are 
write-only and consist of one read/write bit <A0>, three preamp 
select bits <A3-A1> (which must be <001> for this preamp), and 
four register address bits <A7-A4>. The second 8 bits <D7-D0> 
consist of data to be written-to or read-from a register. 

A data transfer is initiated upon the assertion of the serial 
enable line (SENA). Data present on the serial data input/output 
line (SDIO) will be latched-in on the rising edge of SCLK. During 
a write sequence this will continue for 16 cycles; on the falling 
edge of SENA, the data will be written to the addressed register. 
During a read sequence, SDIO will begin outputting data on the 
falling edge of the 9th cycle. At this time <DO> will be presented 
and data will continue to be presented on the SDIO line on 
subsequent falling edges of SCLK. 

Note: Data transfers should only take place in idle or write 
modes. I/O activity is not recommended in read mode 
and will result in reader performance degradation. 

See Table 119 and Figures 82 and 83 for serial interface timing 

information. 


Read Mode 

In the read mode, the circuit operates as a low noise, single- 
ended amplifier which senses resistance changes in the MR 
element which correspond to magnetic field changes on the 
disk. 

The VM6180 uses the current-bias/current-sensing MR 
architecture. The magnitude of the MR bias current is referenced 
to the current flowing through an external 2kQ resistor 
(connected between pin RS and ground). The following equation 
governs the MR bias current magnitude: 


1 
IMR = ao +0.333(ky ran) (eq. 62) 


RS 


IR represents the bias current flowing to the MR element (in mA). 
Rrs represents the equivalent resistance between the RS pin and ground (in kQ). 
kip represents the MR bias DAC setting (0 to 31). 
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A “high” TTL level applied to the R/W and a “low” TTL level 
applied to the BIAS pins (along with the appropriate levels on the 
IDLE and SLEEP bits) places the preamp in the read mode and 
activates the read unsafe detection circuitry (see Table 114). 

The output of the read preamp is differential. 

Read Bias Enable in Read Mode 

Taking the BIAS pin low in read mode enables MR bias current 
to the selected head. 

Taking the BIAS pin high in read mode directs the MR bias 
current to an internal dummy head and common-mode clamps 
the reader output. The MR bias current source and the MR bias 
control loop remain active. 

MR Bias DAC 

The 5 bits in register 1 (<D7-D3>) represent the binary 
equivalent of the DAC setting (0-31, LSB first). 
Thermal Asperity Detection and Compensation 

A thermal asperity (caused by the collision of the MR element 
with the media) is characterized by a large amplitude 
disturbance in the readback signal followed by an exponential 
decay. (Figure 79 displays the reader output for an 
uncompensated thermal asperity event.) 


Amplitude 


RDP - 
RDN 


Time 
Tus 


Figure 79 Thermal Asperity Event 


Recovery from this large disturbance in the data path can take a 
relatively large amount of time (typically several microseconds) 
without detection and correction. The VM6180 implements both 
a programmable detection threshold and fast recovery 
compensation for such disturbances. 
Detection 

Setting the TADET bit high (register 3, bit <D3>) allows the TA 
detection circuitry to detect an asperity event (based on the 
programmable threshold) and report this as a fault condition on 
the fault line. Setting this bit low disables TA detection. 

The threshold for thermal asperity detection has a range of 50 
to 800 mV and is governed by the following equation: 


VTADT = 50(1 + KT ADT? (eq. 63) 


Vrapt represents the TA threshold (output-referred in mVpk; +20%). 
ktapt represents the TA DAC setting (0-15). 

The TADET bit (register 3, bit <D3>) has a power-on-reset value 

of <1> which enables thermal asperity detection. 

Fast Recovery Compensation 

To initiate the Fast Recovery mode: 
4) Setting the Fast Recovery (FR) bit high (register 4, bit 

<D5>) automatically initiates the Fast Recovery mode if 
a thermal asperity is detected. (Note that the TA 
detection circuitry must be enabled with the TADET bit.) 


VTC Inc., 2800 East Old Shakopee Road, Bloomington, MN 55425, 612-853-5100 


990812 


5) Taking the FAST pin low (on 8-channel device only) 
overrides the FR serial bit and initiates the Fast 
Recovery mode regardless of the detection circuitry. 
This configuration makes it possible to use the preamp 
simply as a thermal asperity detector and allows the 
channel to control the corner frequency movement. 

When activated, Fast Recovery Compensation raises the 
nominal 700 KHz lower -3dB corner frequency to approximately 
5 MHz until the RDP-RDN output baseline is restored. This 
adjustment removes the low frequency component of the 
asperity event and allows the preamp to reach its DC operating 
point rapidly after a thermal asperity occurrence (ensuring 
complete output recovery within nanoseconds rather than 
microseconds; see Figure 80). 

After the RDP-RDN output baseline is restored, the preamp 
reinstates the lower -3dB corner frequency. 


|_| FLT 
o 
| 
=) 
2 
a — TA Detection Threshold — 

RDP - 

x S\S\S\SNINS RON 
E x Baseline 


Time 
200 ns 


Figure 80 TA Detection and Compensation 


Analog Buffered Head Voltage (ABHV) 

Setting the MRMEAS bit high (register 4, bit <D3>) allows an 
amplified representation of the MR bias voltage to be presented 
on the ABHV pin. This voltage is defined by the equation: 


VBHV = 5(IvrR x Ryp,\) (eq. 64) 


If the MRMEAS bit is not set, the ABHV pin is high-Z. 


Digital Buffered Head Voltage (DBHV) 

Setting the MRMEAS bit high (register 4, bit <D3>) allows the 
digital buffered head voltage (DBHV) to be represented on the 
FLT/DBHV pin. 

The DBHV output is high when the MR bias current is set toa 
level that causes the Ia-Ru,_ product to fall within the comparator 
thresholds of 250mV and 450mV. The output is low when the 
Ive‘ Rur Product falls above or below this range. 


Fault Detection 

Setting the MRMEAS bit low (register 4, bit <D3>) allows the 
fault status (FLT) to be represented on the FLT/DBHV pin. 

In the read mode, a low on the FLT line (CMOS with active pull- 
up) indicates a fault condition. The fault condition can be 
triggered by any of the following conditions: 


* Shorted MR element 

« Low power supply voltage 

* Thermal asperity detected (reported if enabled with the 
TADET bit (register 3, bit <D3>)) 

* HS2 bit (register 1, bit <D2>) selected (4-channel only) 


+ An MR open head fault condition is detected but not 
reported on the FLT line. The voltage on the loop- 
compensation capacitor (C1) is clamped to provide MR 
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open head protection (until another head is selected or a 
mode change is initiated). 


Write Mode 
In the write mode, the circuit operates as a thin film head write 
current switch, driving the thin film write element of the MR head. 
The magnitude of the write current is referenced to the current 
flowing through an external 2kQ resistor (connected between pin 
RS and ground). The following equation governs the write 
current magnitude: 


ly = [= + 1.29(k yw) —_ 
Res 1+ ee 


Rp 


(eq. 65) 


lw represents the write current flowing to the selected head (in mA). 
Ras represents the equivalent resistance between the RS pin and ground (in kQ). 
Ry represents the series head resistance (in Q). 
Rp represents the damping resistance (in Q.). 
kw represents the write current DAC setting (0 to 31). 


A “low” TTL level applied to R/W (along with the appropriate 
levels on the IDLE and SLEEP bits) places the preamp in the 
write mode (see Table 114). The write data (PECL) signals on 
the WDX and WDY lines drive the current switch to the thin film 
writer. Write current polarity is defined in Figure 84. 


Write Current DAC 
The 5 bits in register 2 (<D4-D0>) represent the binary 
equivalent of the DAC setting (0-31, LSB first). 


Read Bias Enable in Write Mode 

Taking the BIAS pin low in write mode enables MR bias current 
to the selected head. The read circuitry is in its normal “read” 
state except that the reader outputs are clamped to maintain 
their common-mode voltage. 

Taking the BIAS pin high in write mode disables the MR bias 
current source and inactivates the MR bias control loop. 


Fault Detection 

Setting the MRMEAS bit low (register 4, bit <D3>) allows the 
fault status (FLT) to be represented on the FLT/DBHV pin. 

In the write mode, a high on the FLT line (CMOS with active 
pull-up) indicates a fault condition. The fault condition can be 
triggered by any of the following conditions: 


* Open write head 
« Write head shorted to ground 
* HS2 bit (register 1, bit <D2>) selected (4-channel only) 


A low supply fault condition is detected but not reported on the 
FLT line. The write current source internal to the chip is 
shutdown and no current flows to any head. 


Servo Write Mode 

In the servo write mode, four channels or all channels of the 
VM6180 are written simultaneously. 

Setting both the BANKO and BANK‘1 bits (register 2, bit <D7> 
and register 4, bit <D6>) to “1” (along with appropriate levels on 
the R/W pin and IDLE and SLEEP bits) places the preamp in 
servo write mode (see Table 114). The HSO - HS2 register bits 
(1:<D2-D0>) determine which heads are written (see Table 
115). 

(For the 4-channel version, all four heads are written whenever 
servo mode is selected; the head select bits are not used.) 
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Write mode fault circuits are disabled. 

Note: It is the customer’s responsibility to make sure the ther- 
mal constraints of the package are not exceeded. 
(This could be achieved by lowering the supply voltage, 
reducing the write current, cooling the package or limiting 
the servo active duty cycle.) 


IdleMode 

Setting the IDLE bit low (register 4, bit <D1>) places the _ 
preamp in Idle mode (see Table 114). The state of the BIAS pin 
determines the state of the MR bias current source. 


Read Bias Enable 

Taking the BIAS pin low in Idle mode activates the MR bias 
current source and directs the MR bias current to an internal 
dummy head. The MR bias current control loop is active so that 
the state of the C1 loop capacitor is near its Read mode 
operating point. The reader output remains in its Idle state 
(inactive), 

Taking the BIAS pin high in Idle mode disables the MR bias 
current source and inactivates the MR bias control loop. 


Sleep Mode 

Setting the SLEEP bit low (register 4, bit <DO>) places the 
preamp in Sleep mode (see Table 114). All circuits are 
inactivated to achieve minimal power dissipation. Only the serial 
register remains active. 
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Table 114Mode Select 


MODE 


Read 


Read 
Bias 
Dummy Head 
Write 
Write 
Bias MR Head 
Servo 
Idle 
Idle 
Bias 
Dummy Head 


Sleep 


1. In this table, a “1” in the Servo column represents a combination of high levels on 
both the BANKO and BANK‘1 bits in the serial register (register 2, bit <D7> and 
register 4, bit <D6>). (A “O” represents all other combinations of these two bits.) 


Table 115Servo Mode Head Select 


HS2 HS1 HSO 
1:<D2> 1:<D1> 1:<DO> MEADS 
i 0 0 none 2 
f 0 1 1,3,5and72 
: 1 0 2, 4, 6 and 8° 
1 1 1 all heads 2 
1. Not used 


2. For the 4-channel version, all four heads are written whenever servo mode is 
selected; the head select bits are not used. 


Table 116Head Select (non-servo) 


Hs2? HS1 HSO 
1:<D2> 1:<D1> 1:<DO> pene 
0 0 0 0 
0 0 1 1 
0 1 0 2 
0 1 1 3 
1 0 0 4 
1 0 1 5 
1 1 0 6 
1 1 1 7 


1. Not used on 4-channel device. 
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PIN FUNCTION LIST AND DESCRIPTION 


Symbol Input/Output 1 Description 
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R/W | Read/Write: 
A TTL low level enables write mode. Pin defaults high (Read mode). 


BIAS Bias Enable: 
A TTL low level enables MR bias current to the selected head (or to an internal dummy head 
in Idle and Read modes). Pin defaults high (Bias disabled). 


FAST 2 Fast Read Enable: 
A TTL low level enables Fast Read mode (regardless of the state of the FR serial bit or the 
thermal asperity detection circuitry). Pin defaults high (Fast disabled). 


ABHV 0 Analog Buffered Head Voltage: 
The preamp drives this pin to an analog voltage representing five times the buffered head 
voltage. 

FLT/DBHV O Fault/Digital Buffered Head Voltage: 


Setting the MRMEAS bit high (register 4, bit <D3>) allows the digital buffered head Voltage 
(DBHV) to be represented on the FLT/DBHV pin. 

Setting the MRMEAS bit low (register 4, bit <D3>) allows the fault status (FLT) to be repre- 
sented on the FLT/DBHV pin. 

« In Write mode, a CMOS high level indicates a fault. 

* In Read mode, a CMOS low level indicates a fault. 


WDX, WDY | Differential Pseudo-ECL write data inputs 
HROP-HR7P | MR head connections, positive end 
HWOX-HW7X O Thin-Film write head connections, positive end 
HWOY-HW7Y O Thin-Film write head connections, negative end 
RDP, RDN O Read Data: 
Differential read signal outputs 
C1 - Compensation capacitor for the MR bias current loop 
GND - Ground 
VCC - +5.0V supply 
RS Reference Voltage for both MR Bias and Write Current 
(External 2kQ resistor sets reference current for the read and write DACs.) 
SENA Serial Enable: 
Serial port enable signal; see Figures 82 and 83 
SCLK Serial Clock: 
Serial port enable signal; see Figures 82 and 83 
SDIO VO Serial Data: 


Serial port enable signal; see Figures 82 and 83 


1. 1 = Input pin, O = Output pin 
2. Pin available only on 8-channel device. 
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bias Address a) Internal Address Bits | Data Bits | 
Serbata E/T \_A2 Ao RAT ><DIK DTK DEK BEX BEX OSX DSK) 
* 


“~~ See the note below regarding Read mode. 


SerEna _/ \ 


* For a read operation, the clock rate can be reduced for one period between the <A7> bit and the <DO> bit to provide sufficient 
time for the controller to tristate its output (release control of SDIO), and the VM6180 to untristate (activate control of SDIO). The 
clock rate need not be reduced during a write operation. 


Figure 81 Serial Port Protocol 


Table 117Serial Interface Bit Description -- Address Bits 
Preamp Address 
Bits 
<A3-A1> 


Register Address Bits 


Function Register # <A7-Ad> 


Vendor ID / Channel Count 0 0 
Head Select / MR Bias Current DAC 0 
Write Current DAC / Servo Bank 0 
0 

1 


Thermal Asperity 


Sleep / Idle / Gain 


1. Reserved 


Table 118Serial Interface Bit Description -- Data Bits 


Function Register # Rees 
9 <D7> <D6> <D5> <D4> <D3> <D2> <D1> <D0> 
Vendor ID / Channel Count 0 12 Channel '3] 47 01 1 01 41 0! 
Head Select / 
MR Bias Current DAG 1 IMR4 IMR3 IMR2 IMR1 IMRO HS2 HS1 HSO 
Marie Curent aces 2 BANKO 2 2 Iw4 Iw3 Iw2 Iwi Iwo 
Servo Bank 
Thermal Asperity 3 TA3 TA2 TAI TAO | TADET 2 e e 
Sleep / Idle / Gain 4 2 BANK1 FAST 2 MRMEAS | GAIN IDLE SLEEP 
1. Read Only 


Register 0:<D0-D2> is Vendor ID Code (VTC = 010). 

Register 0:<D3-D5> is Vendor Revision Code (e.g., Rev P = 101). 
2. Reserved 
3. 0 = 8 channel device, 1 = 4 channel device 
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Table 119Serial Interface Timing Parameters 


DESCRIPTION SYMBOL 


Serial Clock (SCLK) Rate 


SENA to SCLK delay Tens 


SDIO setup time Tas 


SDIO hold time Tah 


SCLK cycle time 


SCLK high time 


SCLK low time 


SENA hold time 


Time between I/O operations 


Time to tristate controller driving SDIO (release control of SDIO) 


Time to activate SDIO 


Duration of SerEna (read) 


Duration of SerEna (write) 


Note: SerEna assertion level is high. 


Tc ' Tekh ! Tckl | 
: —_—_—— —_ 


S010 (ap Ya 2 = —— 08 Xe YX 
' Tds | Tdh | 
SENA / ; \ 
Tsens : ' Tshid 
} : Ty _> 


<-> <> =< 
1Tdh: Ttric:: Tact: 


SDIO ee GT > Ge GD 


SENA 


Figure 83 Serial Port Timing - Tristate Control 
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STATIC (DC) CHARACTERISTICS 


PARAMETER 


Recommended operating conditions apply unless otherwise specified. 


CONDITIONS 


990812 


a) 
a) 
fe 
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Voc Power Supply Current 


Read Mode, Iya= 10mA 


Write Mode, ly = 25mA 


Write Mode, ly = 25mA, 
Bias enabled, Iy_= 10mA 


Idle Mode, Bias disabled 


Sleep Mode 


Servo Mode, Bank of 4 heads, 
lw = 25mA, Voo = 4.5V 


Servo Mode, Bank of 8 heads, 
lw = 25mA, Voc = 4.5V, 


Power Dissipation 


Read Mode, Iya= 10mMA 


Write Mode, lw = 25mA 


Write Mode, ly = 25mA, 
Bias enabled, Iy_= 10mA 


Idle Mode, Bias disabled 


Sleep Mode 


Servo Mode, Bank of 4 heads, 
lw = 25mA, Voc = 4.5V 


Servo Mode, Bank of 8 heads, 
lw = 25mA, Voc = 4.5V, 


Input High Voltage 


PECL 


TTL 


Input Low Voltage 


PECL 


TTL 


Input High Current 


PECL 


TH Ve 27 


Input Low Current 


PECL 


TTL, V,, = 0.4V 


Output High Voltage 


FLT: low = -400mA 


Output Low Voltage 


FLT: lo, = 400mA 


Voc Fault Threshold 
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ly < 200MA 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
MR Head Current Range le 5 10 16 mA 
5mA < Iva < 16mA, é 
MR Head Current Accuracy Ale Rag = 2k -10 10 Yo 
Unselected MR Head Current 100 HA 
Ime/lw Reference Source Vas Ras = 2kQ 2 V 
Output Range = 
Buffered Head Voltage Gain Apuv Agav'lma'Rur = 500mV to 2.5V; 4.5 5.0 5.5 VIV 
BHV Load Current = 0-150nA 
Vin = 1mMV,, @10MHz, R,(RDP, 
RDN) = 1kQ, Iya = 10mA, 160 200 240 
Differential Voltage Gain Ay Rur = 33Q, Gain bit = 0 VV 
Gain bit = 1 240 300 360 
Passband Upper Frequency Limit fur Ruy = 338Q; Lug < 10H; -3dB 150 MHz 
oo Lower -3dB Frequency a: Rua = 332; C,= 0.010F 07 { MHz 
Equivalent Input Noise Rur= 33Q; Im_a= 10mA; ra 
(sense amp only) En 1 <f< 40 MHz on nVNHz 
Bias Current Noise i > 
(referred to Input) In lua = 10MA 16 pA/VHz 
Equivalent Input Noise Ruyp = 33Q; Iya = 10mA; > 
(total) Cn | 4 <¥<40 MHz OWS nVNHz 
Input Resistance Rw Iva= 10mA 2.6 Q 
AC input V where Ay falls to 90% 
Dynamic Range DR of its value at Viy = 1MV,, 5 MV op 
@ f =5 MHz 
100MV,, ON Vec or GND, 
Power Supply Rejection Ratio PSRR Ima = 10MA, Ryr_ = 33, 45 dB 
1 <f< 100 MHz 
. Unselected Channels: 
Channel Separation CS Viv= 100MV,,, 1 <f< 100 MHz 45 dB 
Output Offset Voltage Vos ImMae=10MA, Ryr = 3382 -200 200 mV 
Common Mode Output Voltage Voom Read Mode Voc - 2.9 V 
Common Mode Output Voltage 
Difference AVoom Vocm (READ) - Vocw (WRITE) 300 mV 
Single-Ended Output Resistance RseEo Read Mode 50 Q 
Output Current lo AC Coupled Load, RDP to RDN 1.5 mA 
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SWITCHING CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: ly = 30mA, Ly = 150nH, Ry = 20Q, fpat, = SMHz. 


PARAMETER CONDITIONS 


RW to Write Mode To 90% of write current 


vu 
a) 
fe 
20 
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RDP/RDN to within +30mV 
of final value 


RW to Read Mode 


RDP/RDN to within +830mV 


Idle to Read Mode of final value 


RDP/RDN to within +830mV 


Sleep to Read Mode ; 
of final value 


Bias Disable to Enable, RDP/RDN to within +830mV 
Read Mode of final value 


RDP/RDN to within +830mV 


Boe Hato Any Mead of final value; read mode 


To 10% of read envelope or 


CS to Unselect write current 


Head Current Propagation Delay From 50% points, WDX to lw 


Write Data has 50% duty cycle 
Asymmetry & ins rise/fall time; Ly = 0; 
Ry =0 


4 Channel: ly = 30mA; 
Ly= 180nH; Ry= 15; 10 - 90% 
Rise/Fall Time 
8 Channel: ly = 30mA; 
Ly= 180nH; Ry = 15; 10 - 90% 


1. BIAS pin active low for 25 Ls preceding the R/W transition. 
THERMAL ASPERITY CHARACTERISTICS 
PARAMETER SPECIFICATION 


Thermal Asperity Detection Threshold 50[1 + DAC value (0-15)] + 20%, output-referred 


50mV - 800mV over baseline DC level in RDP/RDN 
(low frequency variation in baseline tracked by threshold) 


Thermal Asperity Detection Range 


1-288 VTC Inc., 2800 East Old Shakopee Road, Bloomington, MN 55425, 612-853-5100 


y, 
re VM6180 Series x 


WRITE CHARACTERISTICS 


Recommended operating conditions apply unless otherwise specified: ly = 30mA, L,= 150nH, Ry = 20Q, fpat, = SMHz. 
PARAMETER CONDITIONS 


a) 
= 
ira 
= 
= ui 
a 
a 


Write Current Range (base to peak) 


Write Current Accuracy 10mA < ly < 50mA, Res = 2kQ 


Ime/lw Reference Source Rpg = 2kQ 


Differential Head Voltage Swing Open Head, Vgc = 4.5V 


Unselected Head Transition Cur- 
rent 


Differential Output Resistance Internal Damping ' 


1. An 800 Ohm damping resistor is a metal option. Note that the damping resistance affects the write current equation; see (eq. 65) 


WDX - WDY ao a oe 


—— 
to1 


HWnX - HWnY 
(lw) 


Note: The write current polarity is defined by the levels of WDX and WDY (shown in the expression WDX - WDY). 
For WDX>WDY current flows into the “Y” port; for WOX<WDY current flows into the “X” port. 


Figure 84 Write Mode Timing Diagram 
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TYPICAL APPLICATION CONNECTIONS 


BY 
m GND a 
> | 
= RS }—__a,—_J = 
2kO 
n 
HWnX 
Li 
w § HWnY ey 
vec 
C1 —= 
+ 0.01 pF 
GND |___¢ 
| HRnP 0.01mF 
RDP 
Rur Read 
— 0.01uF Output 
RDN 
1kQ t Uke 
I 


Note: The structure placements in the diagram are not meant to indicate pin/pad locations. The connections shown will apply regard- 
less of pin/pad location variation. 


Application Notes: 
« Minimizing parasitics at the C1 node is vital. Place a high quality (low resistance, low inductance) capacitor as close to the pins/ 
pads as possible. 
* C1 should connect to the same ground to which the read heads are connected. 
* VTC recommends placing decoupling 0.1 uF and 0.01 uF capacitors in parallel between the following pins/pads: 
VCC - GND 
* For maximum stability, place the decoupling capacitors and the Rpg resistor as close to the pins/pads as possible. 
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8-CHANNEL CONNECTION DIAGRAM 2 
c= 
=i 

a>xXxX>o_o0 
agaaKKRGoOSGA oc 
Onzzesssseze a 
SEOOrEr Err ror 
4847464544 434241 40393837 
WDY cor 1 36 [=1r74 HW5Y 
WDX cir] 2 35 [-1T 7 HW5X 
SENA C113 34 [_1TT7 HW4X 
SDIO Ctr714 33 [-=TT7 HW4Y 
SCLK Cur715 32 [-1T7 HR4P 
FLT/DBHV —II—16 31 Ft GND 
RW oo7 30 = c1P 
BIAS Crr/8 29 [|—-1T7 HR3P 
ABHV (IT 9 28 FT HW3Y 
RDN CIT] 10 27 (|-T) HW3X 
RDP CI 11 26 [1 Hwex 
GND [LL 12 25 | tt HW2yY 
131415161718192021 222324 
eopesEssEees 
OSES SESE 


8-Channel 
48-lead TQFP 


Specific Characteristics 
See the general data sheet for common specification information. 
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Specific Characteristics 
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VM6180 


4-CHANNEL CONNECTION DIAGRAM 


GND C—1 30 > HR3P 
RS [2 29 = HW3Y 
vec —43 28 7 HW3X 
WDY C—14 27 7 HW2X 
WDX C15 26 | HW2Y 
SENA C—16 25 [| HR2P 
SDIO (17 24 [—7 GND 
SCLK [8 23-7 C1 
FLT/DBHV -—| 9 22 [7 GND 
RW 10 21 => HRIP 
BIAS (11 20 | HW1Y 
ABHV C— 12 19 [74 HW1X 
RDN C—_ 13 18 [7 HWOX 
RDP [1 14 17 | HWOY 
GND [4 15 16 [= HROP 
4-Channel 


30-lead TSSOP 


See the general data sheet for common specification information. 
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VM6182 Series 


PROGRAMMABLE, 5-VOLT, 
MAGNETO-RESISTIVE HEAD, 
READ/WRITE PREAMPLIFIER 
with SERVO WRITE 


August 12, 1999 


FEATURES 


* General 

- Designed for Use With Four-Terminal MR Heads 

- 3-Line Serial Interface with Readback 
(Provides Programmable Bias Current, Gain, Write Current, 
Head Selection, Thermal Asperity, and Servo Operation) 

- Bandwidth = 150 MHz Min 
(Rur = 45Q, Lua < 20nH) 

- Operates from a Single +5 Volt Power Supply 

- Fault Detection Capability 

- Available in 48-pin TQFP and 30-pin VSOP Packages 


. did Performance Reader 
Current Bias / Current Sense Architecture 
- MR Bias Current 5-bit DAC, 5 - 15.3 mA Range 
- Programmable Read Voltage Gain 
(200 V/V or 300 V/V Typical, Rug = 45Q) 
- Thermal Asperity Detection and 
Fast Recovery Compensation 
- Digital and Analog Buffered Head Voltage (BHV) 
Measurement Modes 
- Input Noise = 0.88 nV/VHz Typical 
(Ruy = 45Q, Ia = 10mA) 
- Power Supply Rejection Ratio = 45 dB (1 < f < 100 MHz) 
- Dual Reader Input with One Side Grounded Externally 


¢ High Speed Writer 

- Write Current 5-bit DAC, 
VM6182A3: 10 - 50 mA range (Rpamp = 600Q) 
VM6182A4: 9 - 45 mA range (Rpamp = 1402) 

- Rise Time = 2.3 ns Typical 
(Ry = 15Q, Ly = 180 nH, lw = 30 mA) 
VM6182A3: 1.9 ns (Rpamp = 6002) 
VM6182A4: 2.7 ns (Rpamp = 1402) 

- Multi-Channel Servo Write 


DESCRIPTION 

The VM6182 is a high-performance read/write preamplifier 
designed for use with 4-terminal magneto-resistive recording 
heads in low-power applications. The VM6182 operates from a 
single +5V power supply. This device provides write current to 
the write current drivers, DC bias current for the MR head, read 
and write fault detection, and multi-channel servo write. This 
device also provides low voltage power supply detection and 
power-saving idle and sleep modes. 

Programmability of the VM6182 is achieved through a 3-line 
serial interface. Programmable parameters include MR bias 
current, write current, head selection, thermal asperity detection 
threshold and servo operation. 

Available in 4 and 8-channel options. Please consult VTC for 
other channel-count and/or package availability. 
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HW6xX" 
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SENAQ— Fault ae 


O; 


Sleep / Idle / Gain ry 


Head Select 


Serial Controller 


€) RDP 
© RDN 


. 


le 


-——) ABHV 


MR Reader 


MR Controller 
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C1 


FAST pin available only on 8-channel device. 


ABSOLUTE MAXIMUM RATINGS 


Power Supply: 


Read Bias Current, Iv; 
Write: Gurrent, Wijsnciesttntcesecmssnceg ne cetecen sree tasenaheenmenoesmeanns 60mA 
Input Voltages: 
Digital Input Voltage, Vin 
Head Port Voltage, V, 
Output Current: 


feesibonineevene -0.3V to (Voc + 0.3)V 
Rr neers ame -0.3V to (Voc + 0.3)V 


RDPS IRD NSIG: -asttapetexscdtnasdact stare taoctsateraeineieonesanadis -10mA 
Junction Temperature, Ty ....cccccccceeeeeeeseeeeee eae seesneseenes 150°C 
Storage Temperature, Tig .....2-::::eeeeeeeeeeeeeeeees -60°C TO 150°C 
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RECOMMENDED OPERATING CONDITIONS 


Power Supply Voltage: 


WiGG) - osadonstcapemetOansehocstateteadatoens sutanenend sant iat santnts +5V+10% 
Write Current, Ny sensiice ennui atieaseewiennieensiandesweuned 9.03 - 45.15 mA 
Write Head Inductance, Ly ...........:cceceeeeeeeeeeeeeeees 10 - 300 nH 
Write Head Resistance, Ry .........-.:::::eeeeeeeeeeeeeeeeeees 10-30 


Read Bias Current, Iya ..e-ee cee cece eee eee ee eeee eee we 5-15.38 mA 
Read Head Inductance, Lyp ........eeeeeeee eee ee eee eee eee 10 - 100 nH 
Read Head Resistance, Ryp..........eceeeeeeeeeeeeeeeeeeeeeeee 15-55Q 
Junction Temperature, Ty ............c cece eee ee eeee eee 0°C to 125°C 


Serial Interface Controller 

The VM6182 uses a 3-line read/write serial interface for control 
of most chip functions including head selection, MR bias current 
magnitude and write current magnitude. See Tables 123 and 
124 for a bit description. 

The serial interface has two input lines, SCLK (serial clock) 
and SENA (serial enable), and one bidirectional line SDIO (serial 
data input/output). The SCLK line is used as reference for 
clocking data into and out-of SDIO. The SENA line is used to 
activate the SDCLK and SDIO lines and power-up the 
associated circuitry. The bidirectional SDIO line supports full 
readback. 

16 bits constitutes a complete data transfer. The first 8 bits are 
write-only and consist of one read/write bit <A0>, three preamp 
select bits <A3-A1> (which must be <001> for this preamp), and 
four register address bits <A7-A4>. The second 8 bits <D7-D0> 
consist of data to be written-to or read-from a register. 

A data transfer is initiated upon the assertion of the serial 
enable line (SENA). Data present on the serial data input/output 
line (SDIO) will be latched-in on the rising edge of SCLK. During 
a write sequence this will continue for 16 cycles; on the falling 
edge of SENA, the data will be written to the addressed register. 
During a read sequence, SDIO will begin outputting data on the 
falling edge of the 9th cycle. At this time <DO> will be presented 
and data will continue to be presented on the SDIO line on 
subsequent falling edges of SCLK. 

Note: Data transfers should only take place in idle or write 
modes. I/O activity is not recommended in read mode 
and will result in reader performance degradation. 

See Table 125 and Figures 88 and 89 for serial interface timing 

information. 


Read Mode 

In the read mode, the circuit operates as a low noise, single- 
ended amplifier which senses resistance changes in the MR 
element which correspond to magnetic field changes on the 
disk. 

The VM6182 uses the current-bias/current-sensing MR 
architecture. The magnitude of the MR bias current is referenced 
to the current flowing through an external 2kQ resistor 
(connected between pin RS and ground). The following equation 
governs the MR bias current magnitude: 


10 
IMR = A. * 9333(Kima) (eq. 66) 


RS 
ly represents the bias current flowing through the MR element (in mA). 
Rrs represents the equivalent resistance between the RS pin and ground (in kQ). 
kip represents the MR bias DAC setting (0 to 31). 
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A “high” TTL level applied to the R/W pin and a “low” TTL level 
applied to the BIAS pin (along with the appropriate levels on the 
IDLE and SLEEP bits) places the preamp in the read mode and 
activates the read unsafe detection circuitry (see Table 120). 

The output of the read preamp is differential. 

Note: Transitions to Read mode from Sleep mode should 
always be made by first entering the Idle mode for a min- 
imum of 20us. 


Read Bias Enable in Read Mode 

Taking the BIAS pin low in read mode enables MR bias current 
to the selected head. 

Taking the BIAS pin high in read mode directs the MR bias 
current to an internal dummy head and common-mode clamps 
the reader output. The MR bias current source and the MR bias 
control loop remain active. 


MR Bias DAC 
The 5 bits in register 1 (<D7-D3>) represent the binary 
equivalent of the DAC setting (0-31, LSB first). 


Thermal Asperity Detection and Compensation 
A thermal asperity (caused by the collision of the MR element 


with the media) is characterized by a large amplitude 
disturbance in the readback signal followed by an exponential 
decay. (Figure 85 displays the reader output for an 
uncompensated thermal asperity event.) 


Amplitude 


RDP - 
RDN 


NZ 


Tus 


Time 


Figure 85 Thermal Asperity Event 


Recovery from this large disturbance in the data path can take a 
relatively large amount of time (typically several microseconds) 
without detection and correction. The VM6182 implements both 
a programmable detection threshold and fast recovery 
compensation for such disturbances. 


Detection 

Setting the TADET bit high (register 3, bit <D3>) allows the TA 
detection circuitry to detect an asperity event (based on the 
programmable threshold) and report this as a fault condition on 
the fault line. Setting this bit low disables TA detection. 

The threshold for thermal asperity detection has a range of 50 
to 800 mV and is governed by the following equation: 

Vrapt = 90(1 + kpapt) (eq. 67) 


Vrapt represents the TA threshold (output-referred in mVpk; +20%). 
ktapr represents the TA DAC setting (0-15). 
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Fast Recovery Compensation 
A Fast Recovery mode is initiated in two ways: 

6) Setting the Fast Recovery (FR) bit high (register 4, bit 
<D5>) automatically initiates the Fast Recovery mode if 
a thermal asperity is detected. 

(Note that the TA detection circuitry must be enabled 
with the TADET bit.) 

7) Taking the FAST pin low (8-channel only). This 
overrides the FR serial bit and initiates the Fast 
Recovery mode regardless of the detection circuitry. 

Note: This configuration makes it possible to use the preamp 
simply as a thermal asperity detector and allow the chan- 
nel to control the corner frequency movement. 


When activated, Fast Recovery Compensation raises the 
nominal 700 KHz lower -3dB corner frequency to approximately 
5 MHz until the RDP-RDN output baseline is restored. This 
adjustment removes the low frequency component of the 
asperity event and allows the preamp to reach its DC operating 
point rapidly after a thermal asperity occurrence (ensuring 
complete output recovery within nanoseconds rather than 
microseconds; see Figure 86). 


FLT 
o 
a | 
=) 
a 
<x TA Detection Threshold — 

RDP - 
= S\S\INI NIN RDN 
E < Baseline 


Time 
200 ns 


Figure 86 TA Detection and Compensation 


After the RDP-RDN output baseline is restored, the preamp 
reinstates the nominal 700 kHz lower -3dB corner frequency. 
Analog Buffered Head Voltage (ABHV) 

Setting the MRMEAS bit high (register 4, bit <D3>) allows an 
amplified representation of the MR bias voltage to be presented 
on the ABHV pin. This voltage is defined by the equation: 


Veuv = 5(ur X Rup) (eq. 68) 


If the MRMEAS bit is not set, the ABHV pin is high-Z. 
Digital Buffered Head Voltage (DBHV) 

Setting the MRMEAS bit high (register 4, bit <D3>) allows the 
digital buffered head voltage (DBHV) to be represented on the 
FLT/DBHV pin. 

The DBHV output is high when the MR bias current is set to a 
level that causes the Ia-Ru_ product to fall within the comparator 
thresholds of 360mV and 600mV. The output is low when the 
Ive‘ Rur Product falls above or below this range. 

Read Mode Fault Detection 

Setting the MRMEAS bit low (register 4, bit <D3>) allows the 
fault status (FLT) to be represented on the FLT/DBHV pin. 

In the read mode, a low on the FLT line (CMOS with active pull- 
up) indicates a fault condition. The fault condition can be 
triggered by any of the following conditions: 
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* Shorted MR element 

* Low power supply voltage 

« Thermal asperity detected (reported if enabled with the 
TADET bit (register 3, bit <D3>)) 

* HS2 bit (register 1, bit <D2>) selected (4-channel only) 


An MR open head fault condition is detected but not reported 
onthe FLT line. The voltage on the loop-compensation capacitor 
(C1) is clamped to provide MR open head protection (until 
another head is selected or a mode change is initiated). 

Note: A dwell time of not less than 25us should be provided to 
allow the clamping circuitry sufficient time to settle to a 
safe voltage before switching heads. 


Write Mode 
In the write mode, the circuit operates as a thin film head write 
current switch, driving the thin film write element of the MR head. 
The magnitude of the write current is referenced to the current 
flowing through an external 2kQ resistor (connected between pin 
RS and ground). The following equation governs the write 
current magnitude: 


20 1 
| = (q+ 129k )} elie 
W~ \Rrs oe ,, 0H 
Ro 


(eq. 69) 


lw represents the write current flowing to the selected head (in mA). 
Rrg represents the equivalent resistance between the RS pin and ground (in kQ.). 
Ry represents the series head resistance (in Q). 
Rp represents the damping resistance (in Q.). 
kiw represents the write current DAC setting (0 to 31). 

A “low” TTL level applied to R/W (along with the appropriate 
levels on the IDLE and SLEEP bits) places the preamp in the 
write mode (see Table 120). The write data (PECL) signals on 
the WDX and WDY lines drive the current switch to the thin film 
writer. Write current polarity is defined in Figure 90. 

Write Current DAC 

The 5 bits in register 2 (<D4-D0>) represent the binary 
equivalent of the DAC setting (0-31, LSB first). 
Read Bias Enable in Write Mode 

Taking the BIAS pin low in write mode enables MR bias current 
to the selected head. The read circuitry is in its normal “read” 
state except that the reader outputs are clamped to maintain 
their common-mode voltage. 

Taking the BIAS pin high in write mode disables the MR bias 
current source and inactivates the MR bias control loop. 

Write Mode Fault Detection 

Setting the MRMEAS bit low (register 4, bit <D3>) allows the 
fault status (FLT) to be represented on the FLT/DBHV pin. 

In the write mode, a high on the FLT line (CMOS with active 
pull-up) indicates a fault condition. The fault condition can be 
triggered by any of the following conditions: 


* Open write head 
« Write head shorted to ground 
* HS2 bit (register 1, bit <D2>) selected (4-channel only) 


A low supply fault condition is detected but not reported on the 
FLT line. The write current source internal to the chip is 
shutdown and no current flows to any head. 
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Servo Write Mode 

In the servo write mode, four channels or all channels of the 
VM6182 are written simultaneously. 

Setting both the BANKO and BANK‘1 bits (register 2, bit <D7> 
and register 4, bit <D6>) to “1” (along with appropriate levels on 
the R/W pin and IDLE and SLEEP bits) places the preamp in 
servo write mode (see Table 120). The HSO - HS2 register bits 
(1:<D2-D0>) determine which heads are written (see Table 
121). 

(For the 4-channel version, all four heads are written whenever 
servo mode is selected; the head select bits are not used.) 
Write mode fault circuits are disabled. 
Note: It is the customer’s responsibility to make sure the ther- 
mal constraints of the package are not exceeded. 
(This could be achieved by lowering the supply voltage, 
reducing the write current, cooling the package or limiting 
the servo active duty cycle.) 


Idle Mode 

Setting the IDLE bit low (register 4, bit <D1>) places the _ 
preamp in Idle mode (see Table 120). The state of the BIAS pin 
determines the state of the MR bias current source. 


Read Bias Enable 

Taking the BIAS pin low in Idle mode activates the MR bias 
current source and directs the MR bias current to an internal 
dummy head. The MR bias current control loop is active so that 
the state of the C1 loop capacitor is near its Read mode 
operating point. The reader output remains in its Idle state 
(inactive), 

Taking the BIAS pin high in Idle mode disables the MR bias 
current source and inactivates the MR bias control loop. 


Sleep Mode 
Setting the SLEEP bit low (register 4, bit <DO>) places the 

preamp in Sleep mode (see Table 120). All circuits are 

inactivated to achieve minimal power dissipation. Only the serial 

register remains active. 

Note: Transitions from Sleep mode to Read mode should 
always be made by first entering the Idle mode for a min- 
imum of 20us. 
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Table 120Mode Select 


Mode 


Read 
Bias Active 
(dummy head) 


Read 
Bias Active 


Write 


Write 
Bias Active 


Servo 
Idle 


Idle 
Bias Active 
(dummy head) 


Sleep 


= 


. In this table, a “1” in the Servo column represents a combination of high levels 
on both the BANKO and BANK‘1 bits in the serial register (register 2, bit <D7> 
and register 4, bit <D6>). (A “0” represents all other combinations of these two 
bits.) 


Table 121Servo Mode Head Select 


HS2 HS1 HSO 
1:<D2> 1:<D1> 1:<DO> Heads 
: 0 0 none 2 
d 0 1 4,5,6and72 
1 1 0 0, 1, 2 and 32 
1 1 1 all heads 2 
1. Not used 


2. For the 4-channel version, all four heads are written whenever servo mode is 
selected; the head select bits are not used. 


Table 122Head Select (non-servo) 


HS2 HS1 HSO Head 
1:<D2> 1:<D1> 1:<DO> 

0 0 0 0 

0 0 1 1 

0 1 0 2 

0 1 1 3 
1 0 0 4 
ie 0 1 5 
41 { 0 6 
41 1 1 7 


1. For the 4-channel version, the fault line is activated and the Ij_/Write 
current is diverted to a dummy head. 
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PIN FUNCTION LIST AND DESCRIPTION 
Symbol Input/Output ' Description 


R/W | Read/Write: 
A TTL low level enables write mode. Pin defaults high (read mode). 


7) 
= 
o 
— 
=u 
ra 
a. 


BIAS Bias Enable: 
A TTL low level enables MR bias current to the selected head (or to an internal dummy head in 
Idle and Read modes). Pin defaults high (bias disabled). 


FAST 2 Fast Read Enable: 
A TTL low level enables Fast Read mode (regardless of the state of the FR serial bit or the ther- 
mal asperity detection circuitry). Pin defaults high (Fast Read mode disabled). 


ABHV VO Analog Buffered Head Voltage: 
The preamp drives this pin to an analog voltage representing five times the buffered head voltage. 


FLT/DBHV O Fault/Digital Buffered Head Voltage: 
Setting the MRMEAS bit high (register 4, bit <D3>) allows the digital buffered head Voltage 
(DBHV) to be represented on the FLT/DBHV pin. 
Setting the MRMEAS bit low (register 4, bit <D3>) allows the fault status (FLT) to be represented 
on the FLT/DBHV pin. 
« In Write mode, a CMOS high level indicates a fault. 
* In Read mode, a CMOS low level indicates a fault. 


WDX, WDY | Differential Pseudo-ECL write data inputs 
HROP-HR7P | MR head connections, positive end 
HWOX-HW7X O Thin-Film write head connections, positive end 
HWOY-HW7Y O Thin-Film write head connections, negative end 
RDP, RDN O Read Data: 
Differential read signal outputs 
C1 - Compensation capacitor for the MR bias current loop 
GND - Ground 
VCC - +5.0V supply 
RS Reference Voltage for both MR Bias and Write Current 
(External 2kQ resistor sets reference current for the read and write DACs.) 
SENA Serial Enable: 
Serial port enable signal; see Figures 88 and 89 
SCLK Serial Clock: 
Serial port enable signal; see Figures 88 and 89 
SDIO /O0 Serial Data: 


Serial port enable signal; see Figures 88 and 89 


1. 1 = Input pin, O = Output pin 
2. Pin available only on 8-channel device. 
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Clk 1 Clk 16 
a) 
: | 
= 
25 
a rr ca 7 2b ae, a ae a a cy a ey ee a a a 
bias Address a) Internal Address Bits | Data Bits | 
sorbate) AW0/ AT A2_n2 Te CED CI OD CD ED CD CD CD 
* 


“~~ See the note below regarding Read mode. 


SerEna _/ \ 


Note: For a read operation, the clock rate can be reduced for one period between the <A7> bit and the <DO> bit to provide 
sufficient time for the controller to tristate its output (release control of SDIO), and the VM6182 to untristate (activate 
control of SDIO). The clock rate need not be reduced during a write operation. 


Figure 87 Serial Port Protocol 


Table 123Serial Interface Bit Description -- Address Bits 
Preamp Address 
Bits 
<A3-A1> 


Register Address Bits 


Function Register # <A7-Ad> 


Vendor ID / Channel Count 0 0 
Head Select / MR Bias Current DAC 0 
Write Current DAC / Servo Bank 0 
0 

1 


Thermal Asperity 


Sleep / Idle / Gain 


1. Reserved 


Table 124Serial Interface Bit Description -- Data Bits 


Function Register # pan eis 
9 <D7> <D6> <D5> <D4> <D3> <D2> <D1> <DO> 
Vendor ID / Channel Count 0 0! Channel 2] 01 47 {7 0! {7 0! 
Head Select / 
Mie Ca cRae { IMR4 IMR3 IMR2 IMR1 IMRO HS2 HS1 HSO 
loll aaa 2 BANKO 3 3 Iw4 IWw3 Iw2 Iw1 Iwo 
Servo Bank 
Thermal Asperity 3 TA3 TA2 TAI TAO. | TADET 3 3 3 
Sleep / Idle / Gain 4 3 BANK1 FR 3 MRMEAS|_ GAIN IDLE SLEEP 
1. Read Only 


Register 0:<D0-D2> is Vendor ID code (VTC = 010) 

Register 0:<D3-D5> is Vendor revision code (VM6182A3 = 001, VM6182A4 = 011) 
2. 0 = 8 channel device, 1 = 4 channel device 
3. Reserved 
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Table 125Serial Interface Timing Parameters 


Description 
Serial Clock (SCLK) Rate 
SENA to SCLK delay 
SDIO setup time 
SDIO hold time 
SCLK cycle time 
SCLK high time 
SCLK low time 
SENA hold time 
Time between I/O operations 
Time to tristate controller driving 
SDIO (release control of SDIO) 
Time to activate SDIO 
Duration of SerEna (read) 
Duration of SerEna (write) 


no 
= 
oc 
= 
=u 
oc 
a 


Note: SerEna assertion level is high. 


! Tc | Tekh | Tckl ; 
— << 


SDIO Rwb At A2 --- pd XX be) D7: 


= <—+ >" 
Tds ' Tdh : 


Figure 88 Serial Port Timing 


~<~_> <> 1s 
1Tdh: Ttric:: Tact: 


SDIO ee GE > Ge GD 


SENA 


Figure 89 Serial Port Timing - Tristate Control 
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STATIC (DC) CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 


Parameter Conditions 


Read Mode, Iya=10mA 


a) 
a) 
fe 
20 
U 
n 


Write Mode, ly = 25mA, 
Bias disabled 


Write Mode, ly = 25mA, 
Bias enabled, Iye= 10mA 


Voc Power Supply Current Idle Mode, Bias disabled 


Sleep Mode 


Servo Mode, Bank of 4 heads, 
lw = 25mA, Voc = 4.5V 


Servo Mode, Bank of 8 heads, 
lw = 25mA, Voc = 4.5VS 


Read Mode, Iyj_a=10mA 


Write Mode, ly = 25mA, 
Bias disabled 


Write Mode, lw = 25mA, 
Bias enabled, Iy_= 10mA 


Power Dissipation Idle Mode, Bias disabled 


Sleep Mode 


Servo Mode, Bank of 4 heads, 
lw = 25mA, Voc = 4.5V 


Servo Mode, Bank of 8 heads, 
lw = 25mA, Voc = 4.5VS 


PECL 
Input High Voltage 


TTL 


PECL 
Input Low Voltage 


TTL 


PECL 
Input High Current 


THe vase ZV 


PECL 


Input Low Current 
TTL, Vi. = 0.4V 


Output High Voltage FLT: loy = -400UA 


Output Low Voltage FLT: Io, = 400A 


Voc Fault Threshold ly < 200UA 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 


Parameter Symbol Conditions Min Typ Max Units 
MR Head Current Range lr 5 10 15.3 mA 
5mA < Iy_ < 15.3mA, 4 
MR Head Current Accuracy Alwe Rag = 2k -10 10 Yo 
Unselected MR Head Current 100 LA 
lur/lw Reference Source Vas Rpg = 2kQ 1.9 2.0 2.1 V 


Output Range = 
Buffered Head Voltage Gain Asyy Aguv'lma'Rurn = 500mV to 2.5V; 45 5.0 5.5 VIV 
BHV Load Current = 0-150uA 


MR Head Measurement Thresh- Low Threshold 334 360 385 
old mV 
(Head Resistance / DBHV) High Threshold 558 600 642 


Vin = 1mMV,, @10MHz, 
Ri(RDP, RDN) = 1kQ, Iya= 10mA, 
Rur= 45Q applies to the following: 


4-Channel VM6182A3: Gain bit = 0 183 229 275 
4-Channel VM6182A3: Gain bit = 1 269 337 404 
4-Channel VM6182A4: Gain bit = 0 167 209 250 
Differential Voltage Gain Ay V/V 
4-Channel VM6182A4: Gain bit = 1 252 315 378 
8-Channel VM6182A3: Gain bit = 0 179 223 268 
8-Channel VM6182A3: Gain bit = 1 269 337 404 
8-Channel VM6182A4: Gain bit = 0 158 198 237 
8-Channel VM6182A4: Gain bit = 1 236 295 354 
Passband Upper Frequency Limit | fur Ruy = 45, Lup < 20nH, -3dB 150 200 MHz 
ee Lower -3dB Frequency ie Rye = 459, Cy= 0.01 mF 07 { MHz 
Equivalent Input Noise is Rur = 459, Ima = 10mA, 0.50 nV/ 
(sense amp only) 7 1 <f<40 MHz ; VHz 
Bias Current Noise . _ pA/ 
(referred to Input) In lye HOA me VHz 
Equivalent Input Noise Rur = 459, Ima = 10mA, nv/ 
; en 0.88 1.0 OS 
(total integrated) 1 <f<50 MHz VHz 
Input Resistance Rin Iva= 10mMA 2.6 WwW 
AC input V where Ay falls to 90% 
Dynamic Range DR of its value at Viy = 1MV,, 3 5 MV op 
@ f = 5 MHz, Gain bit = 1 
100mV,, ON Vec or GND, 
Power Supply Rejection Ratio PSRR Ima= 10MA, Ryr_ = 452, 45 dB 
1 <f< 100 MHz, input referred 
. Unselected Channels: 
Channel Separation CS Viv= 100mV,,, 1 <f< 100 MHz 45 dB 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 


990812 


Parameter Symbol Conditions Min Typ Max Units 
Output Offset Voltage Vos ImMp= 10MA, Ryp = 452 -200 200 mV 
Common Mode Output Voltage Voom Read Mode es : V 
Common Mode Output Voltage 
Difference AVocm Vocm (READ) - Voc (WRITE) 300 mV 
Single-Ended Output Resistance Rseo Read Mode 23 28 36 WwW 
Output Current lo AC Coupled Load, RDP to RDN 1.5 mA 


WRITE CHARACTERISTICS 


Recommended operating conditions apply unless otherwise specified: ly = 30mA, Ly= 150nH, Ry = 15Q, foata = SMHz. 


Parameter 


Conditions 


Write Current Range 


VM6182A3: base to peak, 
Roame = 600Q 


VM6182A4: base to peak, 
Roamp = 1402 


Write Current Accuracy 


9.03MA < lw < 45.15mA, 
Rosie = 1400) 


Servo Write Current Accuracy 


lw = 25mA 


Ime/Iw Reference Source 


Differential Head Voltage Swing 


Open Head, Veco = 4.5V 


Unselected Head Transition Cur- 
rent 


Differential Output Resistance 


1. Damping resistance modifies the write current delivered to the head; see the write current equation on page 295. 


VM6182A3: Internal Damping d 


VM6182A4: Internal Damping ! 


ne eS i 


WDX - WDY 
<— 
toi 
HWnxX - HWnY 
(ly) 


Note: The write current polarity is defined by the levels of WDX and WDY (shown in the expression WDX - WDY). 
For WDX>WDY current flows into the “Y” port; for WDX<WDY current flows into the “X” port. 


Figure 90 Write Mode Timing Diagram 


1-302 


VTC Inc., 2800 East Old Shakopee Road, Bloomington, MN 55425, 612-853-5100 


990812 


THERMAL ASPERITY CHARACTERISTICS 


Parameter 


Specification 


\/ 
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Thermal Asperity Detection Threshold 50[1 + DAC value (0-15)] + 20%, output-referred 


Thermal Asperity Detection Range 


SWITCHING CHARACTERISTICS 


50mV - 800mV over baseline DC level in RDP/RDN 
(low frequency variation in baseline tracked by threshold) 


ie) 
a 
= 
<x 
uw 
ao 
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Recommended operating conditions apply unless otherwise specified: ly = 30mA, L,= 150nH, Ry = 15Q, fpata = S5MHZ, Im_p= 10MA. 


Parameter Symbol Conditions Min Typ Max Units 

RW to Write Mode trw To 90% of write current 30 ns 
VM6182A3: 
RDP/RDN to within +30mV 1000 ! 

= of final value 

R/W to Read Mode twr ns 
VM6182A4: 
RDP/RDN to within +30mV 700 ' 
of final value 
RDP/RDN to within +30mV 1 

Idle to Read Mode tcs of final value, lya= 10MA 22 30 us 
RDP/RDN to within +30mV 1 

Sleep to Read Mode tsr of final value, Iyja= 10mA 22 us 

Bias Disable to Enable, t RDP/RDN to within +830mV 25 30 é 

Read Mode Pe of final value, Iya= 10mA . 
RDP/RDN to within +30mV 

HSO - HS3 to Any Head tus of final value; read mode, 10 25 Us 
lvp= 10mMA 

Read or Write to Idle tri haa Ooh car-euvelape:k 0.5 us 
write current 

Head Current Propagation Delay to4 From 50% points, WDX to lw 15 20 ns 
Write Data has 50% duty cycle 

Asymmetry Asym & Ins rise/fall time; Ly = 0; 0.5 ns 
Ry =0 
VM6182A3: 
10 - 90%, Roamp = 6002 i ef 

Rise/Fall Time t/t ns 
VM6182A4: 
10 - 90%, Roamp = 1402 a at 

1. BIAS pin active low for 25 Ls preceding the R/W transition. 
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TYPICAL APPLICATION CONNECTIONS 


Uv 
7 alee GND nen 
a = HWnY ras |.~| + 
= 2kQ 
U 
77) 
+5V 
VCC 
C1 I—--) 


- 0.01 pF 
GND |———* 
i HRnP 0.01pF 
|__| HRnN RDP 
Read 
0.01uF Output 
RDN | t 
tka S$ 51k 
Li 
t 


Note: The structure placements in the diagram are not meant to indi- 
cate pin/pad locations. The connections shown will apply 
regardless of pin/pad location variation. 


Application Notes: 
« Minimizing parasitics at the C1 node is vital. Place a high quality (low resistance, low inductance) capacitor as close to the pins/ 
pads as possible. 
* C1 should connect to the same ground to which the read heads are connected. 
* VTC recommends placing decoupling 0.1 uF and 0.01 uF capacitors in parallel between the following pins/pads: 
VCC - GND 
* For maximum stability, place the decoupling capacitors and the Rpg resistor as close to the pins/pads as possible. 
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8-CHANNEL CONNECTION DIAGRAM 2 
c= 
=i 

a>xXX>o_ao 
QQOnRERGOGCA ao 
Snzzesssse2e a 
>: OO. 2 Era Eo 
4847464544 434241 40393837 
WDY cor 1 36 [=1r74 HW5Y 
WDX cir] 2 35 [-1T 7 HW5X 
SENA [o-13 34 41> ~HW4X 
SDIO Ctr714 33 [-_1T HW4Y 
SCLK Cur715 32 [-1T7 HR4P 
FLT/DBHV —II—16 31 Ft GND 
RW O47 30 [1 C1P 
BIAS C18 29 [| TT] HR3P 
ABHV (I~ 9 28 | —T HW3Y 
RDN CIT] 10 27 [|-T7 ~HW3X 
RDP CI 11 26 | 1 Hwex 
GND [LL— 12 25 | tH HW2yY 


131415161718192021 222324 


8-Channel 
48-lead TQFP 


Specific Characteristics 
See the general data sheet for common specification information. 
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vu 
i 
ha = 4-CHANNEL CONNECTION DIAGRAM 
U0 
77) 
GND C—}1 30 [> HR3P 
RS [72 29 = HW3Y 
vec —43 28 7 HW3X 
WDY C—14 27 7 HW2X 
WDX C15 26 | HW2Y 
SENA C—16 25 [| HR2P 
SDIO (17 24 [—7 GND 
SCLK [8 23-7 C1 
FLT/DBHV -—| 9 22 [7 GND 
RW 10 21 [> HRIP 
BIAS (11 20 7 HW1Y 
ABHV C— 12 19 [74 HW1X 
RDN [—113 18 = HWOX 
RDP [1 14 17 | HWOY 
GND [— 15 16 = HROP 
4-Channel 
30-lead VSOP 


Specific Characteristics 
See the general data sheet for common specification information. 
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VM6184 Series 


PROGRAMMABLE, 5-VOLT, 
MAGNETO-RESISTIVE HEAD, READ/ 
WRITE PREAMPLIFIER 

with SERVO WRITE 


990812 August 12, 1999 
FEATURES BLOCK DIAGRAM 
ete) GND 
* General A pe 
- Designed for Use With Four-Terminal MR Heads ~ ~ 
- 3-Line Serial Interface with Readback 
(Provides Programmable Bias Current, Write Current, Write WOKC IO HWY 
Damping Resistance, Head Selection, Read Gain, Thermal WDY (¢)} © HW1Y 
Asperity, and Servo Operation) Write |) Hwe2x 
- Bandwidth = 160 MHz Min Current 5 —O Hw2y 
(Rug = 50Q, Ly = OnH) peutre eo es, 
- Operates from a Single +5 Volt Power Supply = L—1) . 
- Fault Detection Capability £ |—o. 
- Available as a 4- or 8-Channel Device i | Hwey 
° ae Performance Reader leila lal [—O Hwey 
Current Bias / Current Sense Architecture RS Write Current b—@ HW7x 
- MR Bias Current 5-bit DAC, 4.25 - 13.55 mA Range [-——Q) HW7Y 
- Four Programmable Read Voltage Gains eae Sot A 
(100 V/V TO 200 V/V in 2dB steps, Rupr = 502) SCLK CQ) 
- Thermal Asperity Detection and SDIO Cc} SeveEnube il 
Fast Recovery Compensation SENA GQ Fault |_¢y eLt/ 
- Digital and Analog Buffered Head Voltage (BHV) Sisep ide Gain DBHV 
Measurement Modes A 
- Input Noise = 1 nV/VHz Typical . nit a cance 
(Rur = 50, Iyp = 8.75mA) 
- Power Supply Rejection Ratio = 45 dB (1 < f < 100 MHz) BIASN 7 Serial Controller 
- Dual Reader Input with One Side Grounded Externally 
° nee Speed Writer 
Write Current 5-bit DAC, 10 - 45 mA Range 
- Rise Time = 1.7 ns typical 
(Ry - 16Q, Ly = 130 nH, Rp = 670Q, ly = 30 mA) HRoP ¢-— > () RDP 
- Multi-Channel Servo Write HRIP © RDN 
- 3V CMOS or 5V TTL compatible Write Data Inputs oOo 4 le 
DESCRIPTION oe (>) ABHV 
The VM6184 is a high-performance read/write preamplifier HReP ¢¢>— g 
designed for use with 4-terminal magneto-resistive recording HR7P C—— bet, 
heads in low-power applications. The VM6184 operates from a MR Controller 
single +5V power supply. This device provides write current to HGND ¢) 
the write current drivers, DC bias current for the MR head, read 
and write fault detection, and multi-channel servo write. This © © 
device also provides low voltage power supply detection and Ss cue 
power-saving idle and sleep modes. * This pin available only on 8-Channel device 
Programmability of the VM6184 is achieved through a 3-line, ABSOLUTE MAXIMUM RATINGS 
16-bit serial interface. Programmable parameters include MR 
bias current, write current, head selection, damping resistance, Power Supply: 
reader gain, thermal asperity detection threshold and servo NY ei scasreanct asada gett erecen pear emueeetad fiona ecaete -0.3V to +7V 
operation. Read Bias Current Iya: sxeseisenccvenvazeaietens ens cnrsealnapennepe teege 16mA 
Available in 4- and 8-channel options. Please consult VTC for Write Current, liycrgetsiyacenecehenuceste cane ncnnaaleencuns te anes tical cana 55mA 


other channel-count and/or package availability. 
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Input Voltages: 
Digital Input Voltage, Vin 
Head Port Voltage, V, 
Output Current: 


bueticen ieee -0.3V to (Veg + 0.3)V 
ated cote -0.3V to (Vog + 0.3)V 


RDP, IRON. <o:teatstereacenmsceckhnn coiscteamdembranninaceenaceers -10mA 
Junction Temperature, Ty .........:.ceseseseeeeeseeeeeeeeseeeeeene 150°C 
Storage Temperature, Tig ......-::::eeeeeeeeeeeeeeeeees -65°C TO 150°C 
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RECOMMENDED OPERATING CONDITIONS 


Power Supply Voltage: 


ViGGr - .asetsnnainntacthsthwhaanauraceeepareinn tans aandseeeteseaneaeare +5V + 10% 
Write- Current, Nyy sien siiie can vitecatianineweastnesmessnta veaniaiedeniituies 10-45 mA 
Write Head Inductance, Ly .........:.:ececeeeeeeeeeeeeeee es 85 - 180 nH 
Write Head Resistance, Ry ...........:.::ceceeeeeeeeeeee eee eeeeee 7-219 
Read Bias Current, Iya ...-ee cece eee eee eee cece eee eee 4.25 - 13.55 mA 
Read Head Inductance, Lyp ........ceeeeeeeeeee seen eee eeeeeeee 0 - 100 nH 
Read Head Resistance, Ryp.........ecceeeeeeceeeeeeeeeeeeeeeee 40-650 
Junction Temperature, Ty ............:ceeeeeeeeee ee eeee eee 0°C to 125°C 


OPERATING MODES AND CONTROLS 


Serial Interface Controller 

The VM6184 uses a 3-line read/write serial interface for control 
of most chip functions including head selection, MR bias current 
magnitude and write current magnitude. See Tables 131 and 
132 for a bit description. 

The serial interface has two input lines, SCLK (serial clock) 
and SENA (serial enable), and one bidirectional line SDIO (serial 
data input/output). The SCLK line is used as reference for 
clocking data into and out-of SDIO. The SENA line is used to 
activate the SDCLK and SDIO lines and power-up the 
associated circuitry. The bidirectional SDIO line supports full 
readback. 

16 bits constitutes a complete data transfer. The first 8 bits are 
write-only and consist of one read/write bit <A0>, three preamp 
select bits <A3-A1> (which must be <001> for this preamp), and 
four register address bits <A7-A4>. The second 8 bits <D7-D0> 
consist of data to be written-to or read-from a register. 

A data transfer is initiated upon the assertion of the serial 
enable line (SENA). Data present on the serial data input/output 
line (SDIO) will be latched-in on the rising edge of SCLK. During 
a write sequence this will continue for 16 cycles; on the falling 
edge of SENA, the data will be written to the addressed register. 
During a read sequence, SDIO will begin outputting data on the 
falling edge of the 9th cycle. At this time <DO> will be presented 
and data will continue to be presented on the SDIO line on 
subsequent falling edges of SCLK. 

Note: Data transfers should only take place in idle or write 
modes. I/O activity is not recommended in read mode 
and may result in reader performance degradation. 

See Table 134 and Figures 94 and 95 for serial interface timing 

information. 


Read Mode 

In the read mode, the circuit operates as a low noise, single- 
ended amplifier that senses resistance changes in the MR 
element which correspond to magnetic field changes on the 
disk. 

The VM6184 uses the current-bias/current-sensing MR 
architecture. The magnitude of the MR bias current is referenced 
to the current flowing through an external 2kQ resistor 
(connected between pin RS and ground). The following equation 
governs the MR bias current magnitude: 


8.5 
/ = =— +0.3(k ) (eq. 70) 
MR Ras IMR 


lp represents the bias current flowing to the MR element (in mA). 
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Rrs represents the equivalent resistance between the RS pin and ground (in kQ). 
kip represents the MR bias DAC setting (0 to 31). 

A “high” TTL level applied to the R/WN pin and a “low” TTL 
level applied to the BIASN pin (along with the “high” levels on the 
IDLEN and SLEEPN serial register bits) places the preamp in 
the read mode and activates the read unsafe detection circuitry 
(see Table 128). 

The output of the read preamp is differential. 

Read Bias Enable in Read Mode 

Taking the BIASN pin low in read mode enables MR bias 
current to the selected head. 

Taking the BIASN pin high in read mode directs the MR bias 
current to an internal dummy head and common-mode clamps 
the reader output. The MR bias current source and the MR bias 
control loop remain active. 

MR Bias DAC 

The 5 bits in register 1 (1:<D3-D7>) represent the binary 
equivalent of the DAC setting (0-31, LSB first). 
Thermal Asperity Detection and Compensation 

A thermal asperity (caused by the collision of the MR element 
with the media) is characterized by a large amplitude 
disturbance in the readback signal followed by an exponential 
decay. (Figure 91 displays the reader output for an 
uncompensated thermal asperity event.) 


Amplitude 


RDP - 
RDN 


NZ 


1 us 


Time 
Figure 91 Thermal Asperity Event 


Recovery from this large disturbance in the data path can take a 
relatively large amount of time (typically several microseconds) 
without detection and correction. The VM6184 implements both 
a programmable detection threshold and fast recovery 
compensation for such disturbances. 
Detection 

Setting the TADET bit high (3:<D3> = 1) allows the TA 
detection circuitry to detect an asperity event (based on the 
programmable threshold) and report this as a fault condition on 
the fault line. Setting this bit low disables TA detection. 

The threshold for thermal asperity detection has a range of 50 
to 800 mV and is governed by the following equation: 


Vtapt = 50(1 + kpyp7) (eq. 71) 
Vrapt represents the TA threshold (output-referred in mVpk; +15 %). 
ktapr represents the TA DAC setting (0-15). 


Fast Recovery Compensation 
A Fast Recovery mode is initiated in three ways: 
(See Table 129 for a diagram of the modes) 
8) Setting the Fast Recovery (FR) bit high (4:<D5> = 1). 
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9) If both the FR and TADET (3:<D3>) bits are high, a 
thermal asperity will initiate fast mode. 

Note: The thermal asperity must be positive. 

10) Taking the FASTN pin low (8 channel only). This 
overrides the FR serial bit and initiates the Fast 
Recovery mode regardless of the detection circuitry. 

Note: This configuration makes it possible to use the preamp 
simply as a thermal asperity detector and allow the chan- 
nel to control the corner frequency movement. 

When activated, Fast Recovery Compensation raises the 
nominal 500 KHz lower -3dB corner frequency to approximately 
5 MHz until the RDP-RDN output baseline is restored. This 
adjustment removes the low frequency component of the 
asperity event and allows the preamp to reach its DC operating 
point rapidly after a thermal asperity occurrence (ensuring 
complete output recovery within nanoseconds rather than 
microseconds; see Figure 92). 


FLT 
o 
no} 
= 
2 
<x TA Detection Threshold 
RDP - 
s ‘ RDN 
=z g Baseline 


Time 


200 ns 


Figure 92 TA Detection and Compensation 


Analog Buffered Head Voltage (ABHV) 
Setting the MRMEAS bit high (4:<D4>) allows an amplified 


representation of the MR bias voltage to be presented on the 
ABHV pin. This voltage is defined by the equation: 


Vany = ABHVUyp x Ryr) + Vaos (eq. 72) 


ABHV (Analog Buffered Head Voltage Gain) = 5 V/V Typical. 
lp represents the bias current flowing to the MR element (in mA). 


Vgos represents the Output Offset Voltage. 


If the MRMEAS bit is set low, the ABHV pin goes into a high 
impedance state. 


Digital Buffered Head Voltage (DBHV) 

Setting the MRMEAS bit high (4:<D4>) allows the digital 
buffered head voltage (DBHV) to be represented on the FLT/ 
DBHV pin. 

The DBHV output is high when the MR bias current is set toa 
level that causes the Ia-Ru,_ product to fall within the comparator 
thresholds of 347mV and 614mV. The output is low when the 
Ive‘ Rur Product falls above or below this range. 


Fault Detection 

Setting the MRMEAS bit low (4:<D4>) allows the fault status 
(FLT) to be represented on the FLT/DBHV pin. 

In the read mode, a low on the FLT line (open collector) 
indicates a fault condition. The fault condition can be triggered 
by any of the following conditions: 


* Shorted MR element 

« Low power supply voltage 

* Thermal asperity detected (reported when enabled with the 
TADET bit (3:<D3> = 1)) 

* Open MR head 
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Note: An MR open head fault condition is detected but not 
reported on the FLT line for 4 to 6 us. The voltage on the 
loop-compensation capacitor (C1) is clamped to provide 
MR open head protection (until another head is selected 
or a mode change is initiated). 


Write Mode 
In the write mode, the circuit operates as a thin film head write 
current switch, driving the thin film write element of the MR head. 
The magnitude of the write current is referenced to the current 
flowing through an external 2kQ resistor (connected between pin 
RS and ground). The following equation governs the write 
current magnitude: 


20 


(eq. 73) 


lw represents the write current flowing to the selected head (in mA). 
kiw represents the write current DAC setting (0 to 31). 
Rp represents the damping resistance (in Q.). 
Ry represents the series head resistance (in Q). 
Rpg represents the equivalent resistance between the RS pin and ground (in kQ) 


A “low” TTL level applied to R/WN (along with “high” levels on 
the IDLEN and SLEEPN serial register bits) places the preamp 
in the write mode (see Table 128). The write data (PECL) signals 
on the WDX and WDY lines drive the current switch to the thin 
film writer. Write current polarity is defined in Figure 96. 

Write Current DAC 

The 5 bits (2:<D0-D4>) represent the binary equivalent of the 
DAC setting (0-31, LSB first). 

Write Current Damping 

The 2 bits (3:<D1-D2>) represent the programmable damping 
resistance. The settings are defined in Table 126. The default 
setting is 670W. 


Table 126Write Current Damping Resistance 


ao. ae Resistance | Rise/Fall Time '| Overshoot 
0 0 670Q 1.7 ns 30% 
0 1 2602 1.8 ns 22% 
1 0 1602 1.91ns 16% 
1 1 1202 2.1 ns 10% 


1. ly = 30mA, Ly = 130nH, R, = 162 


Read Bias Enable in Write Mode 

Taking the BIASN pin low in write mode enables MR bias 
current to the selected head. The read circuitry is in its normal 
“read” state except that the reader outputs are clamped to 
maintain their common-mode voltage. 

Taking the BIASN pin high in write mode shuts down the 
reader. 
Write Current Boost 

Setting Write Current Boost (WCB) bit high (2:<D6>) increases 
the overshoot from 30% (Rp=670Q) to 45%. 
Fault Detection 

Setting the MRMEAS bit low (4:<D4>) allows the fault status 
(FLT) to be represented on the FLT/DBHV pin. 
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In the write mode, a high on the FLT line (open collector) 
indicates a fault condition. The fault condition can be triggered 
by any of the following conditions: 


* Open write head 

* Low power supply voltage (write current disabled) 
« Write head shorted to ground 

* Low write data frequency 


If alow power supply fault condition is detected, the write current 
source internal to the chip is shutdown and no current flows to 
any head for the duration of the fault. 


Servo Write Mode 

In the servo write mode all channels of the VM6184 may be 
written simultaneously. 

Setting both the BANKO and BANK1 bits (2:<D7> and 4:<D6>) 
to “1” (along with appropriate levels on the R/WN pin and IDLEN 
and SLEEPN serial register bits) places the preamp in servo 
write mode (see Tables 127 and 128). Setting the HSO - HS1 
register bits (1:<D0-D1>) to “1” initiates a servo write to all heads 
(see Table 127). A combination of “0” and “1” on the HSO-HS1 
bits initiates a 4 head bank servo operation for the 8-channel 
device (see Table 127). All write mode fault circuits are disabled, 
except for low power supply voltage. 

Note: It is the customer’s responsibility to make sure the ther- 
mal constraints of the package are not exceeded. 
(This could be achieved by lowering the supply voltage, 
reducing the write current, cooling the package or limiting 
the servo active duty cycle.) 


Table 127Servo Mode Head Select 

BBANK1BANKO HS1 | HSO 

4:<D6>\2:<D7>\1:<D1>\1:<DO> 
0 0 


Heads 
4-Channel 8-Channel 
Normal Operation 
Normal Operation 
Normal Operation 
N/A 1 N/A 1 
N/A | N/A! 

N/A | N/A 1 
0-3 (All Heads)} 0-7 (All Heads) 


=a=}/afalalo|a 
+) +] O}O} X<| ><] >< 
+) O| +} 0} <>< >< 


1. N/A = No head current and no faults reported. 


Fault Detection 

Setting the MRMEAS bit low (4:<D4> = 0) allows the fault 
status (FLT) to be represented on the FLT/DBHV pin. 

In the servo write mode, a high on the FLT line (open collector) 
indicates a fault condition. The fault condition is triggered by the 
following condition: 

« Low power supply voltage (write current disabled) 


Idle Mode 

Setting the IDLEN bit low (4:D1> = 0) places the preamp in idle 
mode (see Table 128). The state of the BIASN pin determines 
the state of the MR bias current source. 


Bias Enable 

Taking the BIASN pin low in idle mode activates the MR bias 
current source. The MR bias current control loop is activated so 
that the state of the C1 loop capacitor remains near its Read 
mode operating point, but the reader output remains in its idle 
state (inactive). 

Taking the BIASN pin high in idle mode disables the MR bias 
current source and inactivates the MR bias control loop. 
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Sleep Mode 

Setting the SLEEPN bit low (4:<D0> = 0) places the preamp in 
Sleep mode (see Table 128). All circuits are inactivated to 
minimize power dissipation. Only the serial register remains 
active. 


Table 128Mode Select 


Servo '| BIASN| R/WN SEEEEN 
4:<D0> 
X X 
X 1 X 0 1 Idle 
Idle 
x 0 x 0 1 Bias Active 
(dummy head) 
Read 
x 0 : : : Bias Active 
Read 
X 1 1 1 1 Bias Inactive 
(dummy head) 
Write 
0 : : | , Bias Active 
Write 
: : y : Bias Inactive 
1 x 0 1 1 Servo 


1. In this table, a “1” in the Servo column represents a combination of high levels 
onthe BANKO and BANK‘1 bits in the serial register (2:<D7> and 4:<D6>). A “0” 
represents all other combinations of those two bits. 


Table 129Thermal Asperity Mode Control 


FR | TADET FASTN? Mode Control 
4:<D5>| 3:<D3> Fast Recovery | TA Detection 
X X 0 On Off/On 
0 0 1 Off Off 
0 1 1 Off On 
1 0 1 On Off 
1 1 1 TA Detection triggers Fast Recovery 


1. This pin available only on 8-channel device. 


Table 130Head Select (non-servo) 
HS2 HS1 HSO 


1:<D2> 1:<D1> 1:<DO> Head 
0 0 0 0 
0 0 1 1 
0 1 0 2 
0 1 1 3 
1 0 0 4 
41 0 1 5 
41 { 0 6 
1 1 1 7 


1. Valid for 8-channel device only (see Fault Detection on page 309). 
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Signal 


R/WN 


BIASN 


FASTN 


ABHV 


FLT/DBHV 


WDX, WDY 
HROP-HR7P 
HWOX-HW7X 
HWOY-HW7Y 
RDP, RDN 
C1P,C1N 
HGND 

GND 

VCC 


RS 


SENA 


SCLK 


SDIO 


1. 1 = Input pin, O = Output pin 


Input/ 
Output ' 


/O 
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VM6184 & 


PIN FUNCTION LIST AND DESCRIPTION 


Description 
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Read/Write: 
A TTL low level enables write mode. Pin defaults high with 20kQ pullup resistor (read mode). 


Bias Enable: 
A TTL low level enables MR bias current to the selected head (or to an internal dummy head 
in idle mode). Pin defaults high with 20kQ pullup resistor (bias disabled). 


Fast Read Enable (8-channel device only): 
A TTL low level enables Fast Read mode (regardless of the state of the FR serial bit or the 
thermal asperity detection circuitry. Pin defaults high (FASTN disabled). 


Analog Buffered Head Voltage: 
ABHV (Analog Buffered Head Voltage) is represented on the pin when MRMEAS (4:<D45) is 
set high. 
- The preamp drives this pin to an analog voltage representing five times the product of 
Ime" Rue: 
When the MRMEAS bit is set low the output goes into a high impedance state. 


Fault/Digital Buffered Head Voltage: FLT (Fault) is represented on the pin when MRMEAS 
(4:<D4>) is set low. Output is an open collector. 
- In Write mode, a high level indicates a fault. 
- In Read mode, a low level indicates a fault. DBHV (Digital Buffered Head Voltage) is 
represented on the pin when MRMEAS (4:<D4>) is set high. 
Pin defaults high (open collector) to prevent accidental write conditions. 


Differential Pseudo-ECL write data inputs. 

MR head connections, positive end. 

Thin-Film write head connections, positive end. 
Thin-Film write head connections, negative end 

Read Data: Differential read signal outputs. 
Compensation capacitor for the MR bias current loop. 
Head Ground, common return for MR Heads and C1N. 
Ground 

+5.0V supply 


Reference Voltage for both MR Bias and Write Current. 
(External 2kQ resistor sets reference current for the read and write DACs.) 


Serial Enable: 
Serial port enable signal; see Figures 94 and 95. Pin defaults low with 20kQ pulldown resistor. 


Serial Clock: 
Serial port clock; see Figures 94 and 95. Pin defaults low with 20kQ pulldown resistor. 


Serial Data: 
Serial port data; see Figures 94 and 95. Pin defaults high with 20kQ pullup resistor. 
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SERIAL INTERFACE 

The serial interface has two input lines, SCLK (serial clock) and SENA (serial enable), and one bidirectional line SDIO (serial data 
input/output). The SCLK line is used as reference for clocking data into and out-of SDIO. The SENA line is used to activate the SCLK 
and SDIO lines and power-up the associated circuitry. When SENA is low only the output D-latches and the reference generators 
remain active. 

16 bits constitute a complete data transfer. The first 8 bits are write-only and consist of one read/write bit <AO> (high for read, low 
for write), three preamp select bits <A1-A3> (which must be <001> for this preamp), and four register address bits <A4-A7>. The 
second 8 bits <D0-D7> consist of data to be written-to or read-from a register. 

A data transfer is initiated upon the assertion of the serial enable line (SENA). Data present on the serial data input/output line (SDIO) 
will be latched-in on the rising edge of SCLK. During a write sequence this will continue for 16 cycles; on the falling edge of SENA, the 
data will be written to the addressed register. 

During a read sequence, SDIO will become active on the falling edge of the 9th cycle (delayed to allow the controller to release control 

of SDIO). At this time <DO> will be presented and data will continue to be presented on the SDIO line on subsequent falling edges of 

SCLK. 

Note: Data transfers should only take place in idle or write modes. I/O activity is not recommended in read mode and the reader output 
is disabled during data transfer. 

See Tables 131 and 132 for a bit description. See Table 134 and Figures 94 and 95 for serial interface timing information. 


Clk 1 Clk 16 


ne a0 20 Ae ee Oe Ao Oe ae ae oe ee Ae es ee eo eo ae 


Tea Address a! Internal Address Bits | Data Bits | 


soo) AWe/TAT\ Ae _as_KREXAS XAT KAT ><_BOK BT XK BEX BFK BAK DE KOE OF) 
* 


“~~ See the note below regarding Read mode. 


SENA / \ 


* 


For a read operation, the clock rate can be reduced for one period between the <A7> bit and the <DO> bit to provide 
sufficient time for the controller to tristate its output (release control of SDIO), and the VM6184 to untristate (activate 
control of SDIO). The clock rate need not be reduced during a write operation. 


Figure 93 Serial Port Protocol 


Table 131Serial Interface Bit Description -- Address Bits 


Function Register # Register Address Bits Device ID R/WN 

<A7-A4> <A3-A1> <A0> 
Vendor ID / Channel Count 0 0 0 0 0 1/0 
Head Select / MR Bias Current DAC 1 0 0 1 1/0 
Write Current DAC / Servo Bank 2 0 0 1 0 001 1/0 
Thermal Asperity 3 0 0 1 1 1/0 
Sleep / Idle / Gain 4 0 1 0 0 1/0 
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Table 132Serial Interface Bit Description -- Data Bits 


Function Register # Pate Bis 
9 <D7> <D6> <D5> <D4> <D3> <D2> <D1> <D0> g 
Vendor ID / Channel Count 01 1? Channel VS2 Vs1 Vso 0 1 0 = < 
Head Select / 3 oc 
MR Bias Current DAG 1 IMR4 IMR3 IMR2 IMR1 IMRO HS2 HS1 HSO o 
dll A ge 2 BANKO | WCB 04 Iw4 Iw3 Iw2 Wa Iwo 
Servo Bank 
Thermal Asperity 3 TA3 TA2 TAI TAO. | TADET | DRi2 | DRO? 0 7 
Mode Select 4 04 BANK1 FR MRMEAS G1 GO IDLEN | SLEEPN 


= 


. Read Only Register/Bits: 

Register 0, <D0-D2>: Vendor ID code (VTC=010), 

Register 0, <D3-D5>: Vendor revision code. Initial revision shall be (VSO = 0, VS1 = 0, VS2 = 0), 
Register 0, <D6>: Channel count (0 = 8 channel, 1 = 4 channel), 

Register 0, <D7>: Programmable damping resistance (1 = present). 

Programmable Damping Resistance Registers/Bits, See Table 126 on page 309 for further definition: 
Register 0, <D7>: Programmable damping resistance (1 = present), 

Register 3, <D1-D2>: Damping resistance DAC value. 

Head Select Register/Bits. See Table 130 on page 310 for further definition: 

Register 1, <D2>: 1 is invalid for 4 channel device. 

Reserved Registers/Bits: 

Register 2, <D5>, 

Register 3, <DO>, 

Register 4, <D7>. 
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Table 133Power-on Reset Register Values 


; , Power-on Reset Value 
Function Register Number <D7-D0> 
Vendor ID / Channel Count 0 <1000 1010> 1 
Head Select / MR Bias Current DAC 1 <0000 0000> 
Write Current DAC / Servo Bank 2 <0000 0000> 
Thermal Asperity 3 <0000 0000> 
Mode Select 4 <0000 0000> 


1. Assumes an eight channel device <D6> = 0, first revision of the chip <D5-D3> = 001 from VTC <D2-D0> = 010. 


Table 134Serial Interface Timing Parameters 


Description Symbol Min Nom Max Units 
Serial Clock (SCLK) Rate .001 40 MHz 
SENA to SCLK delay Tesee 30 ns 
SDIO setup time Tus 5 ns 
SDIO hold time Tah 5 ns 
SCLK cycle time Te 25 ns 
SCLK high time Toh 20 ns 
SCLK low time Tea 20 ns 
SENA hold time T shia 25 ns 
Time between I/O operations Tg, 50 ns 
Time to tristate controller driving SDIO (release control of SDIO) Trric 50 ns 
Time to activate SDIO Tag 0 50 ns 
Duration of SENA (read) Trg 905 ns 
Duration of SENA (write) Twat 855 ns 
Risetime (CMOS 0.4 to 3.5 Volts, TTL 0.4 to 2.4 Volts) Trin 4 ns 
Falltime (CMOS 3.5 to 0.4 Volts, TTL 2.4 to 0.4 Volts) Ten 4 ns 
Risetime (CMOS 0.4 to 3.5 Volts, TTL 0.4 to 2.4 Volts) Trout 5 ns 
Falltime (CMOS 3.5 to 0.4 Volts, TTL 2.4 to 0.4 Volts) Trout 5 ns 


Note: SENA assertion level is high. 
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Figure 94 Serial Port Timing 
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1Tdh: Ttric:: Tact: 
SCLK ~— “\ 
SDIO ——X do X dt X__2 ») 
SENA 1 1 Pt 1 


Figure 95 Serial Port Timing - Tristate Control 


WDX - WDY i F \ 7 


—<— 
to1 


HWnX - HWnY 
(lw) 


Figure 96 Write Mode Timing Diagram 


The write current polarity is defined by the levels of WDX and WDY (shown in the expression WDX - WDY). 
For WDX>WDY current flows into the “Y” port; for WOX<WDY current flows into the “X” port. 
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STATIC (DC) CHARACTERISTICS 


Recommended operating conditions apply unless otherwise specified. 


VM6184%Q 


& 


J 


Parameter Symbol Conditions Min Typ Max Units 
Read Mode, Iy_= 8.75 MA 60 80 
Write Mode, Bias enabled, 
lw = 30mA, Ima= 8.75 MA - 10 
Idle Mode, Bias disabled 8 16 
Voc Power Supply Current loo Sleep Mode 35 10 mA 
Servo Mode, Bank of 4 heads, 
lw = 25mA, Voc = 5.0V We aul 
Servo Mode, Bank of 8 heads, 
lw = 25mA, Voc = 5.0V 320 oon 
Read Mode, Imp = 8.75 mA 300 440 
Write Mode, Bias enabled, 
lw = 30mA, Ima= 8.75 MA one on 
Idle Mode, Bias disabled 40 83 
Power Dissipation Py Sleep Mode 175 55 mw 
Servo Mode, Bank of 4 heads, 
lw = 25mA, Voc = 5.0V ogi a 
Servo Mode, Bank of 8 heads, 
lw = 25mA, Voc = 5.0V rest _Y 
PECL 1.9 Voc - 0.7 
Input High Voltage Vin V 
TTL 2.0 Voc + 0.3 
PECL 1.7 Vin - 0.2 
Input Low Voltage Viv V 
TTL -0.3 0.8 
; : : WDxX- 
PECL Differential Input Swing WDY 0.2 1.5 Vex 
PECL 120 HA 
Input High Current liv 
TTL, Vin= 2.7V 170 HA 
PECL 100 LA 
Input Low Current li 
TTL, V,. = 0.4V -320 HA 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: |ya=8.75MA, Rya=50Q 
Parameter Symbol Conditions Min Typ Max Units 
MR Head Current Range lr 4.25 9 13.55 mA 
4.25MA < Iy_ < 13.55mA, - 
MR Head Current Accuracy Alur Rag = 2kQ, Voo=5V, Ta=25°C -6 6 Yo 
MR Head Current Temperature Alien 0.6 % 
Sensitivity ea 
A(115 — 25°C) 
neal Current Supply Baga. oe > 
y A(0.5V) 
Unselected MR Head Current 100 LA 
MR Bias Top Voltage 800 mV 
Ime/lw Reference Source Vas Ras = 2kQ 2 V 
' Dynamic Gain 
Buffered Head Voltage Gain Asuv In (DAC=0) to Iya (DAC=31) 4.5 5.0 5.5 VIV 
Buffered Head Output Offset Vos -250 -80 250 mV 
Low Threshold, MRMEAS bit = 1 312 347 382 
Digital Buffered Head Voltage Deny mV 
High Threshold, MRMEAS bit = 1 553 614 675 
Vin = 1MV,, @10MHz, 
R.(RDP, RDN) = 1kQ, 
Ty = 25°C, Vog=5V 86 102 118 
Gain bits (4:<D3-D2>) = 00 
Diff tial Volt Gai A VV 
npn ere ent v Gain bits (4:<D3-D2>) = 01 108 128 148 
Gain bits (4:<D3-D2>) = 10 134 159 184 
Gain bits (4:<D3-D2>) = 11 171 204 237 
Differential Voltage Gain AA 
ee Vv 6 % 
Temperature Sensitivity Sa ge 
A(115-25°C) 
Diff ial Vol i 
Sipiy Sensi: ee mec Ws e 
A(0.5V) 
Paes pane Maper Frequency, iG Lur< 20nH, -3dB 160 200 MHz 


Limit 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: |ya=8.75MA, Rya=50Q 


Parameter Symbol Conditions Min Typ Max Units 
7) 
a 
Passband Lower C= 0.01HF 0.5 1 a= 
dB F Limi fie MHz =u 
“S08 Frequency Limit FASTN = 0 or FR bit = 1 5 oc 
Equivalent Input Noise & 1 <f<100 MHz 0.62 nVv/ 
(sense amp only) VHz 
: ; : PA/ 
Bias Current Noise in 10 Vz 
Equivalent Input Noise nV/ 
(total, excluding Ry) &n Rete (ai Mee Oe a VHz 
Input Resistance Rin 3 Q 


AC input V where Ay falls to 90% 
Dynamic Range DR of its value at Viy = 1MVpp 5 MV pp 
@ f =5 Mlz, Gain bits = 11 


100mV,, On Vee; 
Power Supply Rejection Ratio PSRR 1 <f< 100 MHz 45 dB 
Input Referenced 


Unselected Channels: 
Channel Separation cS Vin= 100mV,,, 1 < f < 100 MHz 45 dB 
Input Referenced 


100mV,, @ R/WN, BIASN, SCLK, 
SDIO or SENA, 


PP iesion rs Output Referenced, Gain bit = 0, so qe 
1 <f< 100 MHz 

Output Offset Voltage Vos -200 200 mV 
Common Mode Output Voltage Voc Read Mode — Vv 

Common Mode Output Voltage 

piverenes P g AVoom Voom (READ) - Vocu (WRITE) 300 mV 
Differential Output Resistance Rpo Read Mode 62 Q 

Output Current lo AC Coupled Load, RDP to RDN 2 mA 

THERMAL ASPERITY CHARACTERISTICS 
Parameter Specification 


50[1 + DAC value (0-15)], + 20% @ 50 to 100mvV, + 15% @ >100mV, 


Thermal Asperity Detection Threshold output-referred 


50mV - 800mV over baseline DC level in RDP/RDN 


Thera) sporty Delechon ante (low frequency variation in baseline tracked by threshold) 
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WRITE CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: ly = 30mA, Ly = 130nH, Ry = 16Q, fpoata, = SMHz. 


2 Parameter Symbol Conditions Min Typ Max Units 
m 
z ES Write Current Range lw base to peak 10 45 mA 
U0 
7) 
10mA < ly < 20mA, 15 15 % 
Voc = SV, T= 25°C 
Write Current Accuracy Alw 
20mA < lw < 45mA, 5 
Voc = BV, T= 25°C =O a . 
Write Current Sensitivity Al 
Ww 3 
Temperature nn ae 
A(115— 25°C) 
% 
pee Sensitivity Aly 0.6 
Pply A(05V) 
lur/lw Reference Source Vas Rras = 2kQ 2 Vv 
Differential Head Voltage Swing Vou Open Head, Veco = 4.5V 7 Vpp 
Unselected Head 
Transition Current lun me HA 
See 
Differential Output Resistance Ro Table Q 
126 | 
Differential Output Capacitance 12 pF 


= 


. The part has programmable damping resistance. 
Note that the write current flowing to the head is dependent on the damping resistance; see equation 73 on page 309. 
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SWITCHING CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: ly = 30mA, L,= 130nH, Ry = 16Q, fpata = SMHZ, Iyp=8.75MA. 


Parameter Symbol Conditions Min Typ Max Units 
R/WN to Write Mode trw To 90% of write current 20 30 50 ns 
R/WN to Read Mode twr REP BBD tes youn: Sony 300 ! 1000 ns 
of final value 
Read or Write to Idle Mode tr/tw To 10% of envelope 150 500 ns 
RDP/RDN to 90% of enve- 
Idle to Read Mode tcs lope and within t30mV of 51 10 us 
final value 
Bias Disable to Enable, t RDP/RDN to within +30mV 75 25 g 
Read Mode ee of final value ; 7 
RDP/RDN to within +30mV 
HSO - HS3 to Any Head tus of final value; read mode 6.5 10 Us 
ARwur_ = 0, Alur = 0 
Head Current Propagation 7 From 50% points, WDX to 15 20 aa 
Delay lw 
Write Data has 50% duty 
Asymmetry Asym cycle & ins rise/fall time; 0.5 ns 
Ly = 0; Ry =0 
Rise/Fall Time ty / t 10 - 90%, Rp=670Q 1.7 ns 
Alur from 5 to 10 mA, 
Bias Current Change t(Alma) RDP/RDN to within +30mV 7 25 us 
of final value 
1. BIASN pin active low for 25 us preceding the mode transition. 
FAULT PROCESSING CHARACTERISTICS 
Parameter Symbol Conditions Min Typ Max Units 
Vier Fault Detected 3.6 3.9 4.2 
VCC Fault Threshold ' V 
Vurt Fault Removed 3.9 4.1 4.4 
VCC Fault Threshold Hysteresis Vue 200 mV 
MR Head Open Fault Threshold 1000 mV 
Open Head Fault Delay teLtp Good to Open Head 7 us 
Time Between Transitions for 
Safe Operation 'sare oe amt ne 
MR Head Short Fault Threshold 50 mV 
Thermal Asperity Detect Delay TApiy 50 ns 
Output High Current lELToH Vou = 5.0 V 50 HA 
FLT/DBHV Output Voltage Low VeLToL loo = 2 mA 0.4 V 
FLT/DBHV Settling Time DBHVeertie 10 us 
1. Writer Functionality shall be maintained for Voc conditions ranging from the specified Vcc limits to the Low Voltage Detector Threshold Voltage. 
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TYPICAL APPLICATION CONNECTIONS 


2 HGND 
A 1 
> = RS |, = 
= 2k 
o 
HWnX ud 
=i HWnY 2.5kQ 
FLT/DBHV |__5 


VCC |__»—________» 


0.01 WF ls 
GND 7 One 
x 
ciP -—— 
+ 0.01 pF 
CiN 
| HRnP 
| 
HGND 0.01nF 
RDP | 
Read 
0.01uF Output 
RDN 
1k Cike 


I 


Note: The structure placements in the diagram are not meant to indicate pin/pad locations. The connections shown will apply regard- 
less of pin/pad location variation. 


Application Notes: 

« Minimizing parasitics at the C1 node is vital. Place a high quality (low resistance, low inductance) capacitor as close to the pins/ 
pads as possible. 

* For optimal performance connect C1N externally to the same ground as the read heads (HGND), or isolate C1N as shown above 
(C1N is tied to HGND internally). 

« VTC recommends placing decoupling 0.1 uF and 0.01 uF capacitors in parallel between the following pins/pads: 

VCC - GND 
« For maximum stability, place the decoupling capacitors and the Rpg resistor as close to the pins/pads as possible. 
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Specific Characteristics 


VM6184 


8-CHANNEL CONNECTION DIAGRAM 


WDY 
WDX 
SENA 
SDIO 
SCLK 
FLT/DBHV 
R/WN 
BIASN 
ABHV 
RDN 
RDP 
GND 


OCONONRWNM = 


131415161718192021 222324 


8-Channel 
48-lead TQFP 


WS5Y 
W5X 
W4X 
W4Y 
R4P 

GND 
GND 
R3P 

W3Y 
W3X 
W2x 


fa ga a Coa Cia a iva a Ces ees eles Bie os 


W2Y 


See the general data sheet for common specification information. 
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VM6184 


vu 
i 
ha = 4-CHANNEL CONNECTION DIAGRAM 
U0 
77) 
GND C—}1 30 [> HR3P 
RS [72 29 = HW3Y 
vec —43 28 7 HW3X 
WDY C—14 27 7 HW2X 
WDX C15 26 | HW2Y 
SENA (—16 25 [9 HR2P 
SDIO (17 24 [—7 HGND 
SCLK [—8 23 [— 4 C1P 
FLT/DBHV C— 9 22-7 CIN 
R/WN C— 10 21 [7 HR1P 
BIASN [— 11 20 | HW1Y 
ABHV C— 12 19 [74 HW1X 
RDN ——113 18 = HWOX 
RDP C1 14 17 7 HWOY 
GND [4 15 16 = HROP 
4-Channel 
30-lead VSOP 


Specific Characteristics 
See the general data sheet for common specification information. 
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VM6185 Series 


PROGRAMMABLE, 5-VOLT, 
MAGNETO-RESISTIVE HEAD, 
READ/WRITE PREAMPLIFIER 
with SERVO WRITE 


990812 August 12, 1999 
FEATURES BLOCK DIAGRAM 
* General vcc GND 
- Requires One External Component O O 
- Designed for Use With Four-Terminal MR Heads wox apna 
- 3-Line Serial Interface a 
(Provides Programmable Bias Current, Write Current, Head woY oO » EY 
Selection, Thermal Asperity, and Servo Operation) Write 5 fp 
- Operates from a Single +5 Volt Power Supply sae an a aad 
- Fault Detection Capability z [_. 
- Available in a 38-pin VSOP Package = |: 
* High Performance Reader Loe 
- Current Bias / Current Sense Architecture MR Bias Current a ae 
- MR Bias Current 5-bit DAC, 6 - 18 mA Range ci 
- Programmable Read Voltage Gain Write Current F— aotwex 
(200 V/V or 250 V/V Typical) [- .nWer 
F F Thermal Asperity A 
- Thermal Asperity Detection and Detection Threshold 
Fast Recovery Compensation SCLK G4 
- Digital Buffered Head Voltage (DBHV) SDAT Q— Serve Enabie Y = 
Measurement Mode SENA CH Fautt |? 
- Input Noise = 0.67 nV/VHz Typical Sleep / Idle / Gain I Bo as 
(Rr = 25Q, Ima = 13.5mA) RW O 
- High Bandwidth = 220 MHz Typical ead Soleet 
(Rua = 30Q, -3dB) BIAS O-+ 
- Power Supply Rejection Ratio = 60 dB (1 < f < 100 MHz) Serial Controller 
- Dual Reader Input with One Side Grounded Externally 
¢ High Speed Writer 
- Write Current 5-bit DAC, 10 - 63 mA Range 
- Rise Time = 1.5 ns Typical y 
(Ry - 20, Ly = 180 nH, ly = 30 mA) HROP_ (>—— & © ROP 
- Multi-Channel Servo Write HRIP © (> RDN 
‘ oO oo jt 
DESCRIPTION O=S-8 
The VM6185 is a high-performance read/write preamplifier /O— « 
designed for use with 4-terminal magneto-resistive recording HR4P Cy} 3 
heads in low-power applications. The VM6185 operates from a HR5P_ (7— i MR ro oP 
single +5V power supply. This device provides write current to moment 
the write current drivers, DC bias current for the MR head, read 
and write fault detection, and multi-channel servo write. This I 
device also provides low voltage power supply detection and eon 
power-saving idle and sleep modes. 
Programmability of the VM6185 is achieved through a 3-line 
serial interface. Programmable parameters include MR bias 
current, write current, head selection, thermal asperity detection 
threshold and servo operation. 
Available in a 6-channel option in a 38-pin VSOP package. 
Please consult VTC for other channel-count and/or package 
availability. 
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ABSOLUTE MAXIMUM RATINGS 


Power Supply: 


Vice! . ance eisaetsaectonebanantetacsbeaaneiaaseneaansemanbeseenene -0.3V to +7V 
Read Bias Current, lyn ...-.s:eeceeeseseeeeesseeeeseeseeeeesnsseeeeenes 20mA 
Write: Current, yy sedviasccsssaeeasedeiaicssauanean saunas cesneasansaesawegan 70mA 


Input Voltages: 
Digital Input Voltage, Vin 
Head Port Voltage, Vi, 


-0.3V to (Vog + 0.3)V 
-0.3V to (Veg + 0.3)V 


Output Current: 
RDP; RON? lg: aes ehbaticesen ine citdccnsmcctin need amtenneawes candace -10mA 
Junction Temperature, T, 150°C 


Storage Temperature, Tig -65° to 150°C 
Thermal Characteristics, Oj): 


39 lodd VSOP * enc atiotegeess uakelansnantitcacauitenteaanbaatiga 88°C/W 


RECOMMENDED OPERATING CONDITIONS 


Power Supply Voltage: 

Voc 
Write Current, Nyy sie casiee eswitacetsanneveanvinmubvncaitebasnetedene’ 10-63mA 
Write Head Inductance, Ly 


Write Head Resistance, Rw 10-30 
Read Bias Current, Iya ...-ee eee eeeeeeee eee cence eens 6-18mA 
Read Head Inductance, Ly» 10 - 50 nH 
Read Head Resistance, Ry 15-500 


Junction Temperature, T, 0°C to 125°C 


Serial Interface Controller 

The VM6185 uses a 3-line serial interface for control of most 
chip functions including head selection, MR bias current 
magnitude and write current magnitude. See Table 142 for a bit 
description. 

The serial interface has three input lines: SCLK (serial clock), 
SENA (serial enable) and SDAT (serial data). The SCLK line is 
used as reference for clocking data into SDAT. The SENA line is 
used to activate the SCLK and SDAT lines and power-up the 
associated circuitry. 

A complete data transfer consists of a minimum of 8 bits and 
could contain any number of bits. If more than 8 bits are used, 
the first (X-8) bits are ignored. The final 8 bits before SENA 
drops low should consist of three register address bits <A2-A0> 
and five data bits <D4-D0>; see Figure 99. 

A data transfer is initiated upon the assertion of the serial 
enable line (SENA). Data present on the serial data line (SDAT) 
will be latched-in on the rising edge of SCLK. During a write 
sequence this will continue for X cycles; on the falling edge of 
SENA, the data from the previous 8 cycles will be written to the 
addressed register. SCLK must be kept high until SENA goes 
low. 

Note: Serial register activity is not recommended in read mode 
and will result in reader performance degradation. 

See Table 143 and Figure 100 for serial interface timing 

information. 


Vendor ID Code Function 

While in Sleep mode, data will be written to the vendor ID serial 
register bits (VENO and VEN1; register 3, bits <D0-D1>). When 
these bits match VTC’s vendor ID code (00), the FLT pin will go 
low. 
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Read Mode 

In the read mode, the circuit operates as a low noise, single- 
ended amplifier which senses resistance changes in the MR 
element which correspond to magnetic field changes on the 
disk. 

The VM6185 uses the current-bias/current-sensing MR 
architecture. The magnitude of the bias current ranges from 
6 - 18 mA and is governed by the following equation: 


IMR = 6 + 0.5(Kimm) + 4-5(Kimir — range) (eq. 74) 


lp represents the bias current flowing to the MR element (in mA). 
kyr represents the MR bias DAC setting (0 to 15). 
Kir-range Tepresents the MR bias range bit (0 or 1). 


The bias current levels are also represented in the table below: 


Table 135MR Bias Current 


IMR-R=0 
1:<D4> 


0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 


=/3}/3/A2}|o;/ololo}/—/|/=}/-—=/-=|ololo 
=| |1|o0/o}—/|/-—=|!o;/o}/—=|/-=|olo}/-=|/-~!lo 
=|O}-—!|o}]-=|lo}-=|lo}-a|/o}-a/o}/Aa;o;a 


A “high” TTL level applied to the R/W pin and a low level 
applied to the BIAS pin (along with the appropriate levels on the 
IDLE and SLEEP bits) places the preamp in the read mode and 
activates the read unsafe detection circuitry (see Table 140). 

The output of the read preamp is differential. 

Read Bias Enable in Read Mode 

Taking the BIAS pin low in read mode enables MR bias current 
to the selected head. 

Taking the BIAS pin high in read mode directs the MR bias 
current to an internal dummy head and common-mode clamps 
the reader output. The MR bias current source and the MR bias 
control loop remain active. 

MR Bias DAC 

Four bits in register 1 (<D3-D0>) represent the binary 
equivalent of the DAC setting (0-15, MSB first). A fifth bit 
(1:<D4>) represents a range factor. 

GAIN and BOOST Bits 

The GAIN bit (register 4 <D1>) puts the read gain in low range 
or high range. The BOOST bit (register 5<D4>) boosts the read 
gain by 3 dB at 100 MHz when set to 1. 
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Thermal Asperity Detection and Compensation 
A thermal asperity (caused by the collision of the MR element 


with the media) is characterized by a large amplitude 
disturbance in the readback signal followed by an exponential 
decay. (Figure 97 displays the reader output for an 
uncompensated thermal asperity event.) 


Amplitude 


RDP - 
RDN 


Time 
Tus 


Figure 97 Thermal Asperity Event 


Recovery from this large disturbance in the data path can take a 
relatively large amount of time (typically several microseconds) 
without detection and correction. The VM6185 implements both 
a programmable detection threshold and fast recovery 
compensation for such disturbances. 
Detection 

Programming a non-zero TA threshold value (register 2, bits 
<D3-D0>) allows the TA detection circuitry to detect an asperity 
event. The threshold for thermal asperity detection is output- 
referred, has a range of 49 - 385 mV and is governed by the 
following table: 


Table 136Thermal Asperity Detection Threshold 


=—=/3/2/32/42/2}/u/iu}/aololololololo 


=/-—/-3}/A|olo|olo|/-/-}/-|-=|ololo 
st) AfO} Oo] Al stl oO; O} Ay Ayo; ol; Al eyo; o 
=/o}-}lol/—|o| =|o|/-=|/o}/-|o;|-Alo|/a 


Reporting 

Whenever a thermal asperity event is detected, it is reported 
as a high level on the TAD pin. 

Thermal asperity events can also be reported on the FLT pin 
by setting the TAFLT bit (register 5, bit <D1>) low. When 
reporting is enabled on the FLT pin, a thermal asperity event will 
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be reported as a low level on the FLT pin. Setting this bit high 
disables TA output on the FLT pin. 
Compensation 

The TA compensation mode selection bits (register 4: bits 
<D4-D3>) determine which compensation mode is initiated if a 
thermal asperity is detected; see the table below: 


Table 137TA Compensation Mode Selection 


Mode 


Off 
Adaptive 
Fast (5 MHz) 
Fast (10 MHz) 


Note: Setting the compensation mode to Off makes it possible 
to use the preamp simply as a thermal asperity detector 
and allow the channel to control the corner frequency 
movement. 


(Fast Recovery) 

When activated, Fast Recovery Compensation raises the 
nominal 500 KHz lower -3dB corner frequency to approximately 
5 MHz (or 10 MHz) until the RDP-RDN output baseline is 
restored. This adjustment removes the low frequency 
component of the asperity event and allows the preamp to reach 
its DC operating point rapidly after a thermal asperity occurrence 
(ensuring complete output recovery within nanoseconds rather 
than microseconds; see Figure 98). 


TAFLT 


Amplitude 


TA Detection Threshold — 


S\INININS PRON 


é Baseline 


Time 
200 ns 


Figure 98 TA Detection and Compensation 


After the RDP-RDN output baseline is restored, the preamp 
reinstates the lower -3dB corner frequency. 
(Adaptive Compensation) 

With adaptive compensation the fast mode is invoked linearly 
in proportion to the amplitude of the asperity event. 

Note that this adaptive compensation is automatically invoked 
regardless of whether the programmed detection threshold 
value has been exceeded. 

MR Measurement / Digital Buffered Head Voltage (DBHV) 

Setting the MRMEAS bit high (register 4, bit <D2>) allows the 
digital buffered head voltage (DBHV) to be represented on the 
FLT pin. 

The FLT output is high when the MR bias current is set to a 
level that causes the Ija-Ru,_ product to fall within the comparator 
thresholds of 150mV and 450mV. The output is low when the 
Ive‘ Rue Product falls above or below this range. 
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Fault Detection 

Setting the MRMEAS bit low (register 4, bit <D2>) allows the 
fault status (FLT) to be represented on the FLT pin. 

In the read mode, a low on the FLT line (open collector with 
internal 3kQ pull-up resistor) indicates a fault condition. The fault 
condition can be triggered by any of the following conditions: 


* Shorted MR element 

« Low power supply voltage 

* MR open head 

* Thermal Asperity event (if enabled) 


The MR head voltage is clamped to provide MR open-head 
protection (until another head is selected or a mode change is 
initiated). The user should provide at least a 25us delay when 
switching from an open-head to a connected-head. This allows 
the clamping head voltage to settle to a safe value from the open 
head event. 


Write Mode 
In the write mode, the circuit operates as a thin-film write- 
current switch, driving the thin-film write element of the MR head. 
The magnitude of the write current ranges from 10 - 63 mA. 
The following equation governs the write current magnitude: 
lw = 10+3.3(kiy) + Range (eq. 75) 
lw represents the write current flowing to the selected head (in mA). 


kjyw represents the write current DAC setting (0 to 7). 
“Range” represents an additional OmA, 15mA or 30mA,; see the table below. 


Table 138Write Current Range Selection 


Write Current Range Factor 


Range 0 - Add 0 mA 
Range 1 - Add 15mA 


Range 2 - Add 30mA 


The write current levels are also represented in the table below: 


Table 139Write Current 


Iwo | Range O | Range? | Range 2 
3:<DO> mA mA mA 
0 10 25 40 
13.3 28.3 43.3 
16.6 31.6 46.6 
19.9 34.9 49.9 
23.2 38.2 53.2 
26.5 41.5 56.5 
29.8 44.8 59.8 
33.1 48.1 63.1 


A “low” TTL level applied to R/W (along with the appropriate 
levels on the IDLE and SLEEP bits) places the preamp in the 
write mode (see Table 140). The write data (PECL) signals on 
the WDX and WDY lines drive the current switch to the thin film 
writer. Write current polarity is defined in Figure 101. 
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Write Current DAC 

Three bits in register 3(<D2-D0>) represent the binary 
equivalent of the DAC setting (0-7, MSB first). Fourth and fifth 
bits (register 3, bits <D4-D3>) represent two additional range 
factors. 


Read Bias Enable in Write Mode 

Taking the BIAS pin low in write mode enables MR bias current 
to the selected head. The read circuitry is in its normal “read” 
state except that the reader outputs are clamped to maintain 
their common-mode voltage. 

Taking the BIAS pin high in write mode directs the MR bias 
current to an internal dummy head and common-mode clamps 
the reader output. The MR bias current source and the MR bias 
control loop remain active. 


Fault Detection 

Setting the MRMEAS bit low (register 4, bit <D2>) allows the 
fault status (FLT) to be represented on the FLT pin. 

In the write mode, a high on the FLT line (open collector with 
internal 3kQ pull-up resistor) indicates a fault condition. The fault 
condition can be triggered by any of the following conditions: 


* Open write head 

« Write head shorted to ground 

« Low power supply voltage 

* Insufficient write data transition frequency 
(> 500ns between transitions) 


Two transitions on pin WDX, after the fault is corrected, may be 

required to clear the fault line. 

When a low supply fault condition is detected, the write current 

source internal to the chip is shut down and no current flows to 

any head. 

Note: There is no MR open head detection, reporting or protec- 
tion in Write mode when the BIAS pin is low. 


Servo Write Mode 
In the servo write mode, three channels or all channels of the 
VM6185 are written simultaneously. 
Servo mode is initiated with a four-step process (see Table 
140): 
11) Select Read mode (take R/W high) 
12) Set the Servo bit (register 2; bit <D4>) to a “1” 
13) Force the FLT pin to 2V above Vcc with a 
minimum of 6mA 
14) Initiate Servo mode (take R/W low) 
All conditions must be maintained to remain in the servo mode. 
The HSO - HS3 register bits (0:<D3-D0>) determine which 
heads are written (see Table 141). Write mode fault circuits are 
disabled. 
Note: It is the customer’s responsibility to make sure the ther- 
mal constraints of the package are not exceeded. 
(This could be achieved by lowering the supply voltage, 
reducing the write current, cooling the package or limiting 
the servo active duty cycle.) 
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Idle Mode 

Setting the IDLE bit low (register 0, bit <D4>) places the 
preamp in Idle mode (see Table 140). Only the serial register, 
bias circuitry and dummy head cell remain active. 

The MR bias current source is active and the MR bias current 
is directed to an internal dummy head. The MR bias current 
control loop is active and the reader output is clamped at the 
common-mode voltage. 

Note: There is no MR open head detection, reporting or protec- 
tion in Idle mode when the BIAS pin is low. 


Sleep Mode 

Setting the SLEEP bit low (register 4, bit <DO>) places the 
preamp in Sleep mode (see Table 140). All circuits are 
inactivated to achieve minimal power dissipation. Only the serial 
register remains active. 

Transitions from Sleep mode to Read mode should always be 
made by first entering the Idle mode for a minimum of 20us. 
Note: There is no MR open head detection, reporting or protec- 

tion in Sleep mode when the BIAS pin is low. 


Table 140Mode Select 


MODE 


Read 
Bias Disabled 
(dummy head) 


Read 
Bias Enabled 


Write 
Bias Disabled 


(dummy head) 
Write 
Bias Enabled 
Servo 
Idle 


Bias Disabled 
(dummy head) 


Sleep 


1. In this table, a “1” in the Servo column represents a combination of the SERVO 
bit being set to a“1” in the serial register (register 2, bit <D4>) and sourcing into 
the FLT pin a minimum of 6mA with a compliance voltage greater than VCC + 
2Vv. 


Table 141Head Select 


HEAD 
Normal 
0 


1 
2 
3 
4 


-+/O}/O}/O}/O0}0O}/0;}O 
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PIN FUNCTION LIST AND DESCRIPTION 


_Symbol 
R/W 


FLT 


TAD 


WDX, WDY 
HROP-HR5P 
HWOX-HW5X 
HWOY-HW5Y 
RDP, RDN 


cP 


HCOM 


GND 
VCC 
SENA 


SCLK 


Input/Output 1 
| 


Description 
Read/Write: 
A TTL low level enables write 
mode. Pin defaults high (read 
mode) with an internal 9.8K 
pull-up resistor. 
Bias Enable: 
A TTL low level enables MR 
bias current to the selected 
head. A TTL high level directs 
bias current to a dummy head. 
Pin defaults low (selected 
head) with an internal 39K 
pull-down resistor. 
Fault: 
Open collector output with 
internal 3kQ pull-up resistor. 
Setting the MRMEAS bit high 
(register 4, bit <D2>) allows 
the digital buffered head Volt- 
age (DBHV) to be represented 
on the FLT pin. 
Setting the MRMEAS bit low 
(register 4, bit <D2>) allows 
the fault status (FLT) to be 
represented on the FLT pin. 
In Write mode, a TTL high 
level indicates a fault. 
In Read mode, a TTL low level 
indicates a fault. 
Thermal Asperity Detection 
Fault output. 
A CMOS high level indicates 
that a thermal asperity was 
detected. 
Differential Pseudo-ECL write 
data inputs. 
MR head connections, posi- 
tive end. 
Thin-Film write head connec- 
tions, positive end. 
Thin-Film write head connec- 
tions, negative end 
Differential read signal out- 
puts. 
Compensation capacitor 
(10nF) for the MR bias current 
loop. 
Head Common: 
Common return for MR heads 
and external capacitor. 
Ground 
+5.0V supply 
Serial Enable: Serial port 
enable signal; see Figure 100. 
Serial Clock: 
Serial port clock; see Figure 
100. 
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SDAT Serial Data: 
Serial port data; see Figure 
100. 


1.1 = Input pin, O = Output pin 


a) 
a) 
fe 
20 
U 
n 


co) Sn © ab Aileen ae 26 ae Aw iw BS 2 ae ao ae ow ee a 


| Address Bits | Data Bits 


spat XX tt XXX XX AA XAT AO X 04 X 03 X D2 X D1 X 00) 


senna JO 


Figure 99 Serial Port Protocol 


Table 142Serial Interface Bit Description 


Address Bits Data Bits 
<A2> <A1> <A0> <D2> 
Head Select / Idle 0 HS2 
MR Bias Current DAC / Range 0 IMR2 
Thermal Asperity DAC / 
Servo Enable : Tne 


Function Register # 


Vendor ID / Write Current DAC / we 


Write Current Range 
Sleep / Gain / MR Head 
Measurement (DBHV) / MRMEAS 

Thermal Asperity 
Compensation Mode 
Thermal Asperity Fault Output / 
Boost 


1. Reserved 


Table 143Serial Interface Timing Parameters 


DESCRIPTION SYMBOL 
Serial Clock (SCLK) Rate 
SENA to SCLK delay Teak 
SDAT setup time Tas 
SDAT hold time Toh 


SCLK cycle time 
SCLK high time 

SCLK low time 

SENA hold time 

SCLK rise and fall time 


Note: SENA assertion level is high. 
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Figure 100 Serial Port Timing 
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STATIC (DC) CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iya = 13.5mA, ly = 31.6mA. 


2 PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
5 ES Power Supply Voltage Voc 4.5 5.0 5.5 V 
uU 
7) 
eon 1 below.) oh oe 
Read Mode, Bias disabled 43 52 
tes ie 2 below.) a wo 
Voc Power Supply Current loo ai esc 99 111 mA 
Idle Mode 30 36 
Sleep Mode, vendor ID = “00” 3 5 
Servo Mode, lws = 25mA, 
Bank of six heads 232 252 
(See Formula 4 below.) 
Read Mode 306 395 
Read Mode, Bias disabled 215 286 
Write Mode 399 497 
Power Dissipation P, Write Mode, Bias enabled 495 612 mW 
Idle Mode 150 198 
Sleep Mode, vendor ID = “00” 15 28 
ee aa neo | 108 
PECL 13 08 
Input High Voltage Vin i V 
TTL 2.0 03 
PECL Vin - 0.9 a 
Input Low Voltage Vit : V 
TTL -0.3 0.8 
PECL 120 
Input High Current lin TTL, Viq= 2.7V -100 100 HA 
R/W -360 
PECL 100 
Input Low Current lie TTL, V;, = 0.4V -80 80 HA 
R/W -640 
PECL Differential Swing Pos 550 900 mV 
Fault Output High Current lon Vou = 5V 50 HA 
Fault Output Low Voltage Vor lo. = 4mA 0.5 V 
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STATIC (DC) CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iya = 13.5mA, ly = 31.6mA. 


PARAMETER CONDITIONS 


ly < 200A, 


ie) 

a 

x 

Voo Fault Threshold pou ae 
a 


Fault removed 


Voc Fault Threshold Hysteresis 


Formulas: 
1) Typ: 53 + (1.05 xX Ima) Max: 63 + (1.1 X Ima) 
2) Typ: 45 + (1.1 x ly) Max: 54 + (1.15 x lw) 
3) Typ: 50 + (1.1 x hy) + (1.05 X Ima) Max: 60 + (1.15 x lw) + (1.1 X Imp) 
4) Typ: 23 + (1.1 x Hds x lg) Max: 28 + (1.18 x Hds x ls) 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iya = 13.5mMA, ly = 31.6mA, Lyra = 20NH, Ryrp=30Q. 


2 PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 

B = MR Head Current Range le 6 13.5 18 mA 

B MR Head Current Accuracy Alwe 6MA < Ina < 18MA -5 5 % 
Unselected MR Head Current 100 LA 


Vin = 1MV,, @10MHz, R,(RDP, 


cars 170 200 230 
Differential Voltage Gain Ay i ae VV 
Gain bit = 1 210 250 290 
-30B, Gain bit = 0 165 220 
Passband Upper Frequency Limit | fur MHz 
-1dB, Gain bit = 0 100 
Gain Boost Bey |, de OMMe Sanh, 3 dB 
Boost bit = 1 
oes Lower -3dB Frequency fp Gain bit = 0 05 06 MHz 
imit 
Equivalent Input Noise _ nV/ 
Canccenp unl) ns Rua = 252, 1 <f< 50 MHz 0.50 Jas 
Bias Current Noise _ pA/ 
(referred to Input) In lig 1SoMiA 2 VHz 
Equivalent Input Noise é Rur= 25Q; 0.67 nV/ 
(total) 7 10 <f<50 MHz , VHz 
Integrated Noise Cin Ruy = 259; 1 < f < 140 MHz 8.8 uV 
AC input V where Ay falls to 90% of 
. its value at Viy = 1mV,, @ f= 5 
Dynamic Range DR MHz. " pp 5 MV pp 
Gain bit = 0 
Power Supply Rejection Ratio psAn | (OOM. OF Vocor GND, 60 dB 


1<f<100 MHz 


Channel Separation cs Unselected Channels: 45 dB 


Vin= 100MV,,, 1 < f< 100 MHz 
Output Offset Voltage Vos -50 50 mV 
Common Mode Output Voltage Voom Read Mode, Write Mode Ms . V 
Common Mode Output Voltage 
Difiershee AVocm Vocm (READ) - Vocy (WRITE) -150 150 mV 
Single-Ended Output Resistance Rseo Read Mode 50 Q 
Output Current lo AC Coupled Load, RDP to RDN 1.5 mA 
Total Harmonic Distortion THD f = 20 MHz, Vin=1mV,, 1 % 
MR Head Measurement Low Threshold (FLT goes high) 150 170 210 
Threshold mV 
(Head Resistance / DBHV) High Threshold (FLT goes low) 420 450 480 
Thermal neperiy Belscion Vram1 | DC level in RDX/RDY over baseline | 49 385 MVip 


Range 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iy_a= 13.5mMA, ly = 31.6mMA, Lyra = 20NH, Ryrp=30Q. 


PARAMETER CONDITIONS 


Thermal Asperity Detection 


Threshold Tolerance DAC setting 


MR 
PREAMPS 


MR Head Voltage Ima’ Rue 


Overshoot on Ip 


during Idle-to-Read Transitions Dees Voy 


Clamping Threshold for Open 
MR Head 


Clamping Threshold for Shorted 
MR Head 
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WRITE CHARACTERISTICS 


Recommended operating conditions apply unless otherwise specified: ly = 31.6mA, L4= 180nH, Ry = 209, font, = SMHZz. 
PARAMETER CONDITIONS 


a) 
a) 
fe 
20 
U 
wn 


Write Current Range (base to peak) 


10mA < ly < 40mA 


Write Current Tolerance 


40mA < lw < 63mA 


base to peak, 6 heads 


Servo Current Range 
base to peak, 3 heads 


Servo Current Tolerance 10mA < Is < 40mA 


Servo Enable Current at the FLT pin Voc + 2.0V < Voltage at FLT pin 


Differential Head Voltage Swing Open Head, Vgc = 4.5V 


Unselected Head Current 


Time between Write Data Transi- 


tions for Safe Condition Reh low 


Detect Open Head 


Open Head Detection 


Do Not Detect Open Head, lw - Ry 


Detect Shorted Head (to GND) 
Shorted Head Detection 


Do Not Detect Shorted Head 


WDX - WDY ~ a oa J AVS A _/ \ 


FLT as 


aed a oe a a ae z = ft 


Figure 101 Write Mode Timing Diagram 


Note: The write current polarity is defined by the levels of WDX and WDY (shown in the expression WDX - WDY). 
For WDX>WDY current flows into the “Y” port; for WDX<WDY current flows into the “X” port. 
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SWITCHING CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: ly = 31.6mA, Ly = 180nH, Ry = 209, font, = SMHZz. 


PARAMETER CONDITIONS 


a) 
= 
o 
= 
= ui 
a 
a 


Read (RW) to Write Mode To 90% of write current 


RDP/RDN to within +830mV 


Write (R/W) to Read Mode 1 
of final value 


RDP/RDN to within +30mV 


Idle to Read Mode of final value 


Sleep to Idle Mode 2 


RDP/RDN to within +830mV 


Head Select to Any Head of final value; read mode 


Read to Idle Mode To 10% of read envelope 


Head Current Propagation Delay From 50% points, WDX to lw 


Write Data has 50% duty cycle & 


Asymmetry 1ns rise/fall time 


Rise/Fall Time 


FLT delay, Write Safe to Unsafe 


FLT delay, Write Unsafe to Safe 


TA detected to TAD pin high 


TA FLT delay (or FLT pin low, if enabled) 


1. BIAS pin active low for 10 us preceding the R/W transition. 
2. Sleep to Read mode changes must transition through Idle Mode 
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vu 
a 6-CHANNEL CONNECTION DIAGRAM 
>= 
= a 
o BIAS C1 38 [= HRSP 
FLT (2 37 [= HW5Y 
wDx C743 36 7 HW5X 
wby ——|4 35 = HW4Xx 
vcoc [15 34 [> HW4Y 
GND ——j6 33 [= HR4P 
SDAT 17 32 = HCOM 
SCLK [—18 31 => HR3P 
RDN C19 30 = HW3Y 
RDP ——j 10 29 [-— HW3X 
SENA [11 28 7 NC 
R/W C12 27 | NC 
TAD (——13 26 |= HW2X 
HCOM ——| 14 25 |= HW2Y 
cp 415 24 [—— HR2P 
HCOM —— 16 23 [= HCOM 
HROP ——| 17 22 |= HRIP 
HwoY C—1] 18 21 —7HW1Y 
Hwox [—| 19 20 > HW1X 
6-Channel 
38-lead VSOP 


Specific Characteristics 
See the general data sheet for common specification information. 
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VM61852/4/8 Series 


PROGRAMMABLE, 5-VOLT, 
MAGNETO-RESISTIVE HEAD, 
READ/WRITE PREAMPLIFIER 
with SERVO WRITE 


August 12, 1999 


FEATURES 
Requires One External Component 
- Designed for Use With Four-Terminal MR Heads 
- 3-Line Serial Interface 
(Provides Programmable Bias Current, Write Current, Head 
Selection, Thermal Asperity, and Servo Operation) 
- Operates from a Single +5 Volt Power Supply 
- Fault Detection Capability 
- Available in several Channel/Package Options 
* High Performance Reader 
- Current Bias / Current Sense Architecture 
- MR Bias Current 5-bit DAC, 6 - 18 mA Range 
- Programmable Read Voltage Gain 
(200 V/V or 250 V/V Typical) 
- Thermal Asperity Detection and 
Fast Recovery Compensation 
- Digital and Analog Buffered Head Voltage 
(DBHV/ABHV) 
Measurement Mode ___ 
- Input Noise = 0.67 nV/VHz Typical 
(Rur = 25Q, Imp = 13.5mA) 
- High Bandwidth = 220 MHz Typical 
(Rur = 30Q, -3dB) 
- Power Supply Rejection Ratio = 60 dB (1 < f < 100 MHz) 
- Dual Reader Input with One Side Grounded Externally 


* High Speed Writer 
- Write Current 5-bit DAC, 10 - 63 mA Range 
- Rise Time = 1.5 ns Typical 
(Ry - 20Q, Ly = 180 nH, ly = 30 mA) 
- Multi-Channel Servo Write 


DESCRIPTION 
The VM61852/4/8 is a high-performance read/write 


preamplifier designed for use with 4-terminal magneto-resistive 
recording heads in low-power applications. The VM61852/4/8 
operates from a single +5V power supply. This device provides 
write current to the write current drivers, DC bias current for the 
MR head, read and write fault detection, and multi-channel servo 
write. This device also provides low voltage power supply 
detection and power-saving idle and sleep modes. 

Programmability of the VM61852/4/8 is achieved through a 3- 
line serial interface. Programmable parameters include MR bias 
current, write current, head selection, thermal asperity detection 
threshold and servo operation. 

Available in the following channel counts/packages: 

* 2-Channel in 24-pin SSOP 

* 4-Channel in 38-pin VSOP 

* 8-Channel in 48-pin TQFP 
Please consult VTC for other channel-count and/or package 
availability. 
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VCC GND 
O O 
WDX HWOX 
HWOY 
WDY HW1X 
HW1Y 
Write HWw2x 
Current 2 Hwey 
Source = ain 
é HW4X 
a“ Hw4y 
r= HW5X 
HW5Y 
MR Bias Current HW6X 
HW6Y 
Write Current eee 
Thermal Asperity A 
SCLK Detection Threshold 
SDAT ()}4 
Servo Enable y 
SENA Q- Fault | © FLT 
Sleep / Idle / Gain ry 
RIWN (CF 
Head Select 
BIASN Q—- 
Serial Controller 
Y © RDP 
HROP GQ——| 
HR1P (©}——+ {-) RDN 
HR2P GQ——1 _ | 
Oo 
HR3P (}——J 8 
HR4P GQ} = 
HRSP (| = 
HR6P (} 1 a an eas 
HR7P (}—_J Controller i) ABE 
HCOM 
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ABSOLUTE MAXIMUM RATINGS 


Power Supply: 


Vice? . ance visutsaectonenhasantetacsbeaaneiaaseneaansamanbeseenene -0.3V to +7V 
Read Bias Current, lyn ...-..seeceeeseeeeeeesneeeeseeseeeeeeeseeeeeane 20mA 
Write: Current, yy sedviasccsssaceasedeiaiccssuanean saunas esneasansaesawegan 70mA 


Input Voltages: 
Digital Input Voltage, Vin 
Head Port Voltage, Vi, 


-0.3V to (Vog + 0.3)V 
-0.3V to (Veg + 0.3)V 


Output Current: 
RDP RONG 6: o4 ehoetiiteenine eicielis tone ite rbeeen erin -10mA 
Junction Temperature, Ty, ...... cece ee ceeeee eee eee eee eee eee ees 150°C 


Storage Temperature, T sig 
Thermal Characteristics, Oj,: 


24-lGAd' SSOP wiz ssiosiiat wneiecasishvisuviegeniceitsioger shade cwhutaden TBD°C/W 

38-ledd VSOP i csissscccicetmaancadawanncanametaanareeacesameaneaes 88°C/W 

AS-6Ad) TOEP ick coseeioecedessassceciencdeansanpaeeisaetsanedenaen 75°C/W 
RECOMMENDED OPERATING CONDITIONS 
Power Supply Voltage: 

NGG. - seins tise neaaaia ance annie anaeanieanainaanadadtee sunmenennen +5V + 10% 
Write Current, ly ......-.:.:eceecee eee eeeeee eee ee sees ten eaeaeeeenees 10-63 mA 
Write Head Inductance, Ly ... 10-300 nH 
Write Head Resistance, Ry ............::eeeeeeeeeeeeee eee 10-30 
Read Bias Current, Iya ...see cee ceeeeeeee eee eee eee eee ea eee eeeeeee 6-18mA 
Read Head Inductance, Lyp .......::eceeeeeeeeeeeeeeeeeeeeeeeee 10 - 50 nH 
Read Head Resistance, Ryp..........cceeeeeeeeeeeeeeeeeee tees 15-500 


Junction Temperature, T, 0°C to 125°C 


OPERATING MODES AND CONTROLS 


Serial Interface Controller 

The VM61852/4/8 uses a 3-line serial interface for control of 
most chip functions including head selection, MR bias current 
magnitude and write current magnitude. See Table 151 for a bit 
description. 

The serial interface has three input lines: SCLK (serial clock), 
SENA (serial enable) and SDAT (serial data). The SCLK line is 
used as reference for clocking data into SDAT. The SENA line is 
used to activate the SCLK and SDAT lines and power-up the 


associated circuitry. 

A complete data transfer consists of a minimum of 8 bits and 
could contain any number of bits. If more than 8 bits are used, 
the first (X-8) bits are ignored. The final 8 bits before SENA 
drops low should consist of three register address bits <A2-A0> 
and five data bits <D4-D0>; see Figure 104. 

A data transfer is initiated upon the assertion of the serial 
enable line (SENA). Data present on the serial data line (SDAT) 
will be latched-in on the rising edge of SCLK. During a write 
sequence this will continue for X cycles; on the falling edge of 
SENA, the data from the previous 8 cycles will be written to the 
addressed register. SCLK must be kept high until SENA goes 
low. 

Note: If serial register activity is performed during read mode, 
crosstalk to the reader output may result. 

See Table 152 and Figure 105 for serial interface timing 

information. 
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Vendor ID Code Function 

While in Sleep mode, data will be written to the vendor ID serial 
register bits (VENO and VEN1 [3:<D0-D1>]). When these bits 
match VTC’s vendor ID code (00), the FLT pin will go low. 


Read Mode 

In the read mode, the circuit operates as a low noise, single- 
ended amplifier which senses resistance changes in the MR 
element which correspond to magnetic field changes on the 
disk. 

The VM61852/4/8 uses the current-bias/current-sensing MR 
architecture. The magnitude of the bias current ranges from 
6 - 18 mA and is governed by the following equation: 


Imm = 6 +0.5(Kimp) + 4.5(Kime —range) (eq. 76) 


lp represents the bias current flowing to the MR element (in mA). 
kyr represents the MR bias DAC setting (0 to 15). 
Kir-range Tepresents the MR bias range bit (0 or 1). 


The bias current levels are also represented in the table below: 


Table 144MR Bias Current 


ImR3 | IMR2 | IMR1 | IMRO pag aint 
1:<D3>| 1:<D2>| 1:<D1>| 1:<DO> 
mA mA 
0 0 0 0 6 10.5 
0 0 0 1 6.5 11 
0 0 1 0 7 11.5 
0 0 1 1 75 12 
0 1 0 0 8 12.5 
0 1 0 1 8.5 13 
0 1 1 0 9 13.5 
0 1 1 1 9.5 14 
1 0 0 0 10 145 
1 0 0 1 10.5 15 
1 0 1 0 11 15.5 
1 0 1 1 11.5 16 
1 1 0 0 12 16.5 
1 1 0 1 12.5 17 
1 1 1 0 13 175 
1 1 1 1 13.5 18 


A “high” TTL level applied to the R/WN pin and a low level 
applied to the BIASN pin (along with the appropriate levels on 
the IDLEN and SLEEPN bits) places the preamp in the read 
mode and activates the read unsafe detection circuitry (see 
Table 149). 

The output of the read preamp is differential. 

Read Bias Enable in Read Mode 

Taking the BIASN pin low in read mode enables MR bias 
current to the selected head. 

Taking the BIASN pin high in read mode directs the MR bias 
current to an internal dummy head and common-mode clamps 
the reader output. The MR bias current source and the MR bias 
control loop remain active. 

MR Bias DAC 

Four bits in register 1 (1:<D3-D0>) represent the binary 
equivalent of the DAC setting (0-15, MSB first). A fifth bit 
(1:<D4>) represents a range factor. 
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GAIN and BOOST Bits 

The GAIN bit (4:<D1>) puts the read gain in low range or high 
range. The BOOST bit (5:<D4>) boosts the read gain by 3 dB at 
100 MHz when set to 1. 
Thermal Asperity Detection and Compensation 

A thermal asperity (caused by the collision of the MR element 
with the media) is characterized by a large amplitude 
disturbance in the readback signal followed by an exponential 
decay. (Figure 102 displays the reader output for an 
uncompensated thermal asperity event.) 


Amplitude 


RDP - 
RDN 


BA Time 
Figure 102 Thermal Asperity Event 


Recovery from this large disturbance in the data path can take a 
relatively large amount of time (typically several microseconds) 
without detection and correction. The VM61852/4/8 implements 
both a programmable detection threshold and fast recovery 
compensation for such disturbances. 
Detection 

Programming a non-zero TA threshold value (2:<D3-D0>) 
allows the TA detection circuitry to detect an asperity event. The 
threshold for thermal asperity detection is output-referred, has a 
range of 49 - 385 mV and is governed by the following table: 


Table 145Thermal Asperity Detection Threshold 


TA3 TA2 TA1 TAO TA Threshold 
2:<D3> 2:<D2> 2:<D1> 2:<D0> (mV) 
0 0 0 0 OFF 
0 0 0 1 49 
0 0 1 0 53 
0 0 1 1 57 
0 1 0 0 63 
0 1 0 1 70 
0 1 1 0 78 
0 1 1 1 91 
1 0 0 0 105 
1 0 0 1 123 
1 0 1 0 146 
1 0 1 1 175 
1 1 0 0 210 
1 1 0 1 256 
1 1 1 0 312 
1 1 1 1 385 
Reporting 


Thermal asperity events can be reported on the FLT pin by 
setting the TAFLTN bit (5:<D1>) low. When reporting is enabled 
onthe FLT pin, a thermal asperity event will be reported as a low 
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level on the FLT pin. Setting this bit high disables TA output on 
the FLT pin. 
Compensation 

The TA compensation mode selection bits (4:<D4-D3>) 
determine which compensation mode is initiated if a thermal 
asperity is detected; see the table below: 


Table 146TA Compensation Mode Selection 


TACM1 | TACMO 
4:<D4> 4:<D3> Mode 
0 0 Off 
0 1 Adaptive 
1 0 Fast (5 MHz) 
1 1 Fast (10 MHz) 


Note: Setting the compensation mode to Off makes it possible 
to use the preamp simply as a thermal asperity detector 
and allow the channel to control the corner frequency 
movement. 


Fast Recovery 

When activated, Fast Recovery Compensation raises the 
nominal 500 KHz lower -3dB corner frequency to approximately 
5 MHz (or 10 MHz) until the RDP-RDN output baseline is 
restored. This adjustment removes the low frequency 
component of the asperity event and allows the preamp to reach 
its DC operating point rapidly after a thermal asperity occurrence 
(ensuring complete output recovery within nanoseconds rather 
than microseconds; see Figure 103). 


TAFLTN 
o 
mo} 
=) 
a 
<x — TA Detection Threshold — 
RDP 
S \S\SNIN/ RDN 
E < Baseline 


wy Time 
200 ns 


Figure 103 TA Detection and Compensation 


After the RDP-RDN output baseline is restored, the preamp 
reinstates the lower -3dB corner frequency. 


Adaptive Compensation 
With adaptive compensation the fast mode is invoked linearly 
in proportion to the amplitude of the asperity event. 
Note: When selected, adaptive compensation is automatically 
invoked regardless of whether the programmed detec- 
tion threshold value has been exceeded. 


MR Measurement / Digital Buffered Head Voltage (DBHV) 
Setting the MRMEAS bit high (4:<D2>) allows the digital 


buffered head voltage (DBHV) to be represented on the FLT pin. 

The FLT output is high when the MR bias current is set to a 
level that causes the Ia: Ru, product to fall within the comparator 
thresholds of 350mV and 450mV. The output is low when the 
Ive‘ Rue Product falls above or below this range. 
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Analog Buffered Head Voltage (ABHV) 
Setting the ABHV bit high (5:<DO>) allows an amplified 


representation of the MR bias voltage to be presented on the 
ABHV pin. This voltage is defined by the equation: 


Veuv = 9(mrRXRup_) (eq. 77) 


If the ABHV bit is not set, the ABHV pin is high-Z. 
Fault Detection 

Setting the MRMEAS bit low (4:<D2>) allows the fault status 
(FLT) to be represented on the FLT pin. 

In the read mode, a low on the FLT line (open collector with 
internal 20kQ pull-up resistor) indicates a fault condition. The 
fault condition can be triggered by any of the following 
conditions: 


* Shorted MR element 

* Low power supply voltage 

* MR Open Head 

* Thermal Asperity event (if enabled) 


When an MR open head fault condition is detected, the MR 
head voltage is clamped to provide MR open-head protection 
(until another head is selected or a mode change is initiated) The 
user should provide at least a 25us delay when switching from 
an open-head to a connected-head. This allows the clamping 
head voltage to settle to a safe value from the open head event. 


Write Mode 
In the write mode, the circuit operates as a thin-film write- 
current switch, driving the thin-film write element of the MR head. 
The magnitude of the write current ranges from 10 - 63 mA. 
The following equation governs the write current magnitude: 


lw = 10+3.3(kiy) + Range (eq. 78) 


lw represents the write current flowing to the selected head (in mA). 
kjyw represents the write current DAC setting (0 to 7). 
“Range” represents an additional OmA, 15mA or 30mA,; see the table below. 


Table 147Write Current Range Selection 


IWR1 IWRO , 
3:<D4> | 3:<D3> Write Current Range Factor 
0 0 Range 0 - Add 0 mA 
: 1 Range 1 - Add 15mA 
1 1 Range 2 - Add 30mA 


The write current levels are also represented in the table below: 
Table 148Write Current 


Iw2 Iw1 Iwo | Range O | Range? | Range 2 
3:<D2>| 3:<D1>| 3:<DO> mA mA mA 
0 0 0 10 25 40 
0 0 1 13.3 28.3 43.3 
0 1 0 16.6 31.6 46.6 
0 1 1 19.9 34.9 49.9 
1 0 0 23.2 38.2 53.2 
1 0 1 26.5 41.5 56.5 
1 1 0 29.8 44.8 59.8 
1 1 1 33.1 48.1 63.1 


A “low” TTL level applied to R/WN (along with the appropriate 
levels on the IDLEN and SLEEPN bits) places the preamp in the 
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write mode (see Table 149). The write data (PECL) signals on 
the WDX and WDY lines drive the current switch to the thin film 
writer. Write current polarity is defined in Figure 106. 

Write Current DAC 

Three bits in register 3(3:<D2-D0>) represent the binary 
equivalent of the DAC setting (0-7, MSB first). Fourth and fifth 
bits (3:<D4-D3>) represent two additional range factors. 

Read Bias Enable in Write Mode 

Taking the BIASN pin low in write mode enables MR bias 
current to the selected head. The read circuitry is in its normal 
“read” state except that the reader outputs are clamped to 
maintain their common-mode voltage. 

Taking the BIASN pin high in write mode directs the MR bias 
current to an internal dummy head and common-mode clamps 
the reader output. The MR bias current source and the MR bias 
control loop remain active. 


Fault Detection 

Setting the MRMEAS bit low (4:<D2>) allows the fault status 
(FLT) to be represented on the FLT pin. 

In the write mode, a low on the FLT line (open collector with 
internal 20kQ pull-up resistor) indicates a fault condition. The 
fault condition can be triggered by any of the following 
conditions: 


* Open write head 

« Write head shorted to ground 

« Low power supply voltage 

* Insufficient write data transition frequency 
(> 500ns between transitions) 


Two transitions on pin WDX, after the fault is corrected, may be 

required to clear the fault line. 

When a low supply fault condition is detected, the write current 

source internal to the chip is shut down and no current flows to 

any head. 

Note: There is no MR open head detection, reporting or protec- 
tion in Write mode when the BIASN pin is low. 


Servo Write Mode 

In the servo write mode, odd channels, even channels or all 
channels of the VM61852/4/8 are written simultaneously. 

Servo mode is initiated with a four-step process (see Table 
149): 

15) Select Read mode (take R/WN high) 

16) Set the Servo bit (2:<D4>) to a “1” 

17) Force the FLT pin to 2V above Vcc witha 
minimum of 6mA 

18) Initiate Servo mode (take R/WN low) 

The HSO - HS3 register bits (0:<D3-D0>) determine which 
heads are written (see Table 150). Write mode fault circuits are 
disabled. 

Note: It is the customer’s responsibility to make sure the ther- 
mal constraints of the package are not exceeded. 
(This could be achieved by lowering the supply voltage, 
reducing the write current, cooling the package or limiting 
the servo active duty cycle.) 


Idle Mode 

Setting the IDLEN bit low (0:<D4>) places the preamp in Idle 
mode (see Table 149). Only the serial register, bias circuitry and 
dummy head cell remain active. 
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The MR bias current source is active and the MR bias current 
is directed to an internal dummy head. The MR bias current 
control loop is active and the reader output is clamped at the 
common-mode voltage. 

Fault Detection 

Setting the MRMEAS bit low (4:<D2>) allows the fault status 
(FLT) to be represented on the FLT pin. 

In Idle mode, a low on the FLT line (open collector with internal 
20kQ pull-up resistor) indicates a fault condition. The fault 
condition can be triggered by the following condition: 

+ Low power supply voltage 
Note: There is no MR open head detection, reporting or protec- 

tion in Idle mode when the BIASN pin is low. 


Sleep Mode 
Setting the SLEEPN bit low (4:D0>) places the preamp in 
Sleep mode (see Table 149). All circuits are inactivated to 
achieve minimal power dissipation. Only the serial register 
remains active. 
Note: There is no MR open head detection, reporting or protec- 
tion in Sleep mode when the BIASN pin is low. 


Table 149Mode Select 


3| IDLEN |SLEEPN 
R/WN | BIASN | Servo 0:<D4> | 4:<D0> MODE 
Read 
L , a , '  |Bias Disabled 2 
Read 
: : : ; ; Bias Enabled 
Write 
y , : '  |Bias Disabled 2 
Write 
: : : ; Bias Enabled 
0 x 1 1 1 Servo 
Idle 
x | a - 0 ' | Bias Disabled 2 
X xX Xx xX 0 Sleep 


= 


. In this table a “1” in the Servo column represents a combination of the SERVO 
bit being set to a “1” in the serial register (2:<D4>) and sourcing a minimum of 
6mA into the FLT pin with a compliance voltage of greater than VCC + 1.5V. 

2. MR bias current directed to an internal dummy head. 


Table 150Head Select 


HS3 | HS2 | HS1 | HSO pent |. dean. || aeoe HEADS 
0:<D3>|0:<D2>|0:<D1>|0:<DO> =o EPME |B GNGE | Beal (Servo) 
(Normal)| (Normal)| (Normal) 
0 0 0 0 0 0 0 none 
0 0 0 1 1 1 1 odd! 
0 0 1 0 N/A 2 2 none 
0 0 1 1 N/A 3 3 none 
0 1 0 0 Idle Idle 4 none 
0 1 0 1 Idle Idle 5 all’ 
0 1 1 0 Idle Idle 6 none 
0 1 1 1 Idle Idle 7 | even! 
1 Xx x Xx Idle Idle Idle none 


1. 4-channel devices must select the appropriate head (1=odd, 5=all, 7=even) to 
servo write head combinations, regardless of the head’s presence. 


VTC Inc., 2800 East Old Shakopee Road, Bloomington, MN 55425, 612-853-5100 


VM61852/4/8 “eee 


PIN FUNCTION LIST AND DESCRIPTION 


Symbol a se Description 

R/WN | Read/Write: 

A TTL low level enables write mode. 
Pin defaults high (read mode) with an 
internal 9.8K pull-up resistor. 

BIASN I Bias Enable: 

A TTL low level enables MR bias cur- 
rent to the selected head. A TTL high 
level directs bias current to a dummy 
head. 

Pin defaults low with an internal 39K 
pull-down resistor. 

FLT O Fault: 

Open collector output with internal 
20kQ pull-up resistor. 

Setting the MRMEAS bit high (4:<D2>) 
allows the digital buffered head Volt- 
age (DBHV) to be represented on the 
FLT pin. 

Setting the MRMEAS bit low (4:<D2>) 
allows the fault status (FLT) to be rep- 
resented on the FLT pin. 

Setting the TAFLTN bit low (5:<1>) 
allows a thermal asperity fault to be 
represented on the FLT pin. 

In Read, Write and Idle modes, a TTL 
low level indicates a fault. 

ABHV oO Analog Buffered Head Voltage: 
Setting the ABHV bit high (5:<DO>) 
allows the analog buffered head Volt- 
age (ABHV) to be represented on the 
ABHV pin. 

WDX, WDY | Differential Pseudo-ECL Write Data 
Inputs. 

HROP-HR7P | MR Head Connections: 

Positive end. 

HWOX-HW7X Thin-Film Write Head Connections: 

Positive end. 


Thin-Film Write Head Connections: 
Negative end 

Read Data: 

Differential read signal outputs. 


O 
HWOY-HW7Y O 
O 


RDP, RDN 


CAPH/CAPL - Compensation Capacitor: 
10nF for the MR bias current loop. 
HCOM - Head Common: 
Common return for MR heads and 
external capacitor. 
GND - Ground 
VCC - +5.0V Supply 
SENA I Serial Enable: 
Serial port enable; see Figure 105. 
SCLK | Serial Clock: 
Serial port clock; see Figure 105. 
SDAT | Serial Data: 


Serial port data; see Figure 105. 
1. | = Input, O = Output 
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SERIAL INTERFACE 


a) 
a) 
fe 
20 
U 
n 


SCLK 20 aw ae LU Re aT ate Beer aoa sae a. ae 
| Address Bits | Data Bits 


spat XX XXX XX AA XK ATX AO_X D4 X 03 X D2 X D1 X DO ) 


sna JO 


Figure 104 Serial Port Protocol 


Table 151Serial Interface Bit Description 


Fonction Radisior# Address Bits Data Bits 
9 <A2> <A1> <A0> <D4> <D3> <D2> <D1> <D0> 
Head Select / Idle 0 0 0 0 IDLEN HS3 HS2 HS1 HSO 
MR Bias Current DAC / Range 1 0 0 1 IMR-R IMR3 IMR2 IMR1 IMRO 
Micimeh hepenty De 2 0 1 0 | SERVO] TA3 TA2 TAt TAO 
Servo Enable 
Vendor ID / Write Current DAC / IW1 / IWO/ 
Write Current Range 7 } : be easy me VEN1 VENO 
Sleep / Gain / MR Head 
ie aeureiniee (PED hi 4 1 0 0 TACM1 | TACMO |MRMEAS| GAIN | SLEEPN 
Thermal Asperity 
Compensation Mode 
ABHV / 
Thermal Asperity Fault Output / 5 1 0 1 BOOST 1 : TAFLTN| ABHV 
Boost 


1. Reserved 
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Table 152Serial Interface Timing Parameters 


Description Symbol Min Nom Max Units 
Serial Clock (SCLK) Rate 44 MHz 2 
SENA to SCLK delay Tass 75 ns a = 
SDAT setup time Wigs 5 ns c 
SDAT hold time Tah 5 nS 
SCLK cycle time Te 23 nS 
SCLK high time Toxh 7.5 nS 
SCLK low time Tox 7.5 ns 
SENA hold time Tshia 7.5 nS 
SCLK rise and fall time Tee 3 nS 


Note: SENA assertion level is high. 


Tc ‘ Tckh | Tckl | 
ee a Ve ye a 2 tee ae a re 
SDAT aD A - —- _ pe X di Xo ) 
" Tds * Tdh' 
SENA / \ 
Tsens ; Tshid : 
i > << 


Figure 105 Serial Port Timing 
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STATIC (DC) CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iyp = 13.5mA, ly = 31.6mA. 


990812 


Parameter Symbol Conditions Min Typ Max Units 
Power Supply Voltage Voc 4.5 5.0 5.5 V 
Read Mode 
(See Formula 1 below.) ey vs 
Read Mode, Bias disabled 43 52 
Write Mode 
(See Formula 2 below.) ay ad 
Write Mode, Bias enabled 99 111 
(See Formula 3 below.) 
Voc Power Supply Current loc Idle Mode 30 36 mA 
Sleep Mode, Vendor ID = ’00’ 3 5 
Servo Mode, |, = 25mA, 
Bank of four heads 133 156 
(See Formula 4 below.) 
Servo Mode, |, = 25mA, 
Bank of eight heads 243 282 
(See Formula 4 below.) 
Read Mode 306 395 
Read Mode, Bias disabled 215 286 
Write Mode 399 497 
Write Mode, Bias enabled 495 612 
Power Dissipation Py Idle Mode 150 198 mW 
Sleep Mode 15 28 
Servo Mode, |, = 25mA, 
Bank of four heads Ges a 
Servo Mode, |, = 25mA, 
Bank of eight heads ree m8 
PECL Voc- 1.2 Voc - 0.5 
Input High Voltage Vin V 
TTL 2.0 Voc + 0.3 
PECL Vin - 0.9 Vin - 0.55 
Input Low Voltage Vit V 
TTL -0.3 0.8 
PECL 120 
Input High Current lia TTL, Viq= 2.7V -100 100 HA 
R/WN -360 
PECL 100 
Input Low Current lie TTL, Vi = 0.4V -80 80 HA 
R/WN -640 
PECL Differential Swing Pos 550 900 mV 
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STATIC (DC) CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iyp = 13.5mA, ly = 31.6mA. 


Parameter Conditions 


Fault Output High Current Vou = 5V 


wo 
= 
o 
= 
= ui 
a 
a 


Fault Output Low Voltage 


lo. = 4mMA 


ly < 200pA, 
Fault detected 


Voc Fault Threshold 


Fault removed 


Voc Fault Threshold Hysteresis 


Formulas: 
5) Typ: 53 + (1.05 x Imp) 
) Typ: 45 + (1.1 x lw) 
7) Typ: 50 + (1.1 X ly) + (1.05 x Ima) 
) Typ: 23 + (1.1 x Hds x Is) 


Max: 63 + (1.1 X Ima) 

Max: 54 + (1.15 x ly) 

Max: 60 + (1.15 x lw) + (1.1 x Im|) 
Max: 28 + (1.18 x Hds x ls) 


READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iya = 13.5mMA, Rupr = 30Q. 


Parameter Symbol Conditions Min Typ Max Units 
MR Head Current Range lr 6 13.5 18 mA 
MR Head Current Accuracy Alur 6MA < Iya < 18MA -5 5 % 
Unselected MR Head Current 100 HA 
Vin = 1mV,, @10MHz, R, (RDP, 
RDN) = 1kQ, Iya = 13.5mA, 170 200 230 
Differential Voltage Gain Ay Rur = 309, Gain bit = 0 Viv 
Gain bit = 1 210 250 290 
Output Range = 
Buffered Head Voltage Gain Asyy Aguv'lma'Rur = 500mV to 2.5V; 4.5 5.0 5.5 VIV 
BHV Load Current = 0-150uA 
ae chia = 20nH; -3dB; 165 200 
Passband Upper Frequency Limit | fua ain Dit = MHz 
-1dB, Gain bit = 0 100 
Gain Boost ger ||. OMe, Galnbihet, 3 dB 
Boost bit = 1 
ee ede |, ie Riya = 302, Gain bit = 0 0.5 0.6 MHz 
Equivalent Input Noise Rur= 259; Imep= 13.5mA; —- 
(sense amp only) €na 1 <f<50 MHz vey nV/NHz 
Bias Current Noise ; oS 
GctehredhiG inpul in Ime= 13.5mA 16 pA/NHz 
Equivalent Input Noise Rur= 25Q; Ima= 13.5mA; aS 
(total) en 1<f<50 MHz va? nVNHz 
Input Resistance Rin Iva= 13.5mA 2.6 4 Q 
Input Capacitance Cin 20 pF 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iya = 13.5mMA, Rupr = 30Q. 


Parameter Conditions 


Rur = 259; Imap= 13.5mA; 


Integrated Noise Lug = 20nH; 1 < f< 140 MHz 


a) 
a) 
fe 
20 
U 
n 


AC input V where Ay falls to 90% of 
its value at Viy= 1mV,, @f=5 
MHz, 

Gain bit = 0 


Dynamic Range 


100mMV,, ON Vcc or GND, 
Power Supply Rejection Ratio Iva = 13.5mA, Ry, = 302, 
1 <f< 100 MHz 


Unselected Channels: 


Channel Separation Viv= 100mV,., 1 <f< 100 MHz 


Pp? 


Output Offset Voltage Ima= 13.5mA, Rug = 302 


Common Mode Output Voltage Read Mode, Write Mode 


Common Mode Output Voltage 


pivercnes Voom (READ) - Vogy (WRITE) 


Single-Ended Output Resistance Read Mode 


Output Current AC Coupled Load, RDP to RDN 


f = 20 Mhz, Vi = 1 mV peak-to- 


Total Harmonic Distortion 
peak 


MR Head Measurement Low Threshold ! 
Threshold " 
(Head Resistance / DBHV) High Threshold 


Thermal Asperity Detection 


DC level in RDX/RDY over baseline 
Range 


Thermal Asperity Detection 


Threshold Tolerance DAC setting 


MR Head Voltage Ima Rr 


Overshoot on Ip 


during Idle-to-Read Transitions pee Te Nunes 0B 


Clamping Threshold for 
Open MR Head 


Clamping Threshold for 
Shorted MR Head 


1. Fault switching from low to high. 
2. Fault switching from high to low. 
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WRITE CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: ly = 31.6mA, L4= 180nH, Ry = 209, font, = SMHZz. 


Parameter Conditions 


a) 
= 
o 
= 
= ui 
a 
a 


Write Current Range (base to peak) 


Write Current Tolerance 10mA < ly < 68mA 


base to peak, 8 heads 


Servo Current Range base to peak, 4 heads 


base to peak, 2 heads 


Servo Current Tolerance 10mA < Ig < 40mMA 


Servo Enable Current at the FLT pin Voc + 2.0V < Voltage at FLT pin 


Differential Head Voltage Swing Open Head, Voc = 4.5V 


Unselected Head Current 


Time between Write Data Transi- 


tions for Safe Condition RE Aap 


Detect Open Head 


Open Head Detection 


Do Not Detect Open Head, lw - Ry 


Detect Shorted Head (to GND) 
Shorted Head Detection 


Do Not Detect Shorted Head 


wox-woy | \/ \_/ \_f- ac aes 


toe > 


FLT toe} -—___ 


ee Ce Le yD - 7% 

(lw) 

Note: The write current polarity is defined by the levels of WDX and WDY (shown in the expression WDX - WDY). 
For WDX>WDY current flows into the “Y” port; for WOX<WDY current flows into the “X” port. 


Figure 106 Write Mode Timing Diagram 
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SWITCHING CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: 
lw = 31.6mA, L4,= 180nH, Ry = 20Q, fpata = S5MHZ, Ima = 13.5MA, Ry, = 30Q., Bias enabled. 


Parameter Conditions 


vu 
a) 
fe 
20 
U 
n 


Read (R/WN) to Write Mode To 90% of write current 


RDP/RDN to within +B30mV 
of final value’ 


Write (R/WN) to Read Mode 


RDP/RDN to within +830mV 


Idle to Read Mode . 
of final value 


RDP/RDN to within +830mV 


Sleep to Read Mode . 
of final value 


RDP/RDN to within +830mV 


Head Peeineny Head of final value; read mode 


Read to Idle To 10% of read envelope 


Head Current Propagation Delay From 50% points, WDX to lw 


Write Data has 50% duty cycle & 
Asymmetry 1ns rise/fall time, 
Lh = OnH, Rh = 0Q. 


Rise/Fall Time 10 - 90% 


FLT delay, Write Safe to Unsafe 


FLT delay, Write Unsafe to Safe 10KQ pull-up resistor 


TA FLT delay TA detected to FLT pin low 


1. BIASN pin active low for 10 ts preceding R/WN transition. 
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TYPICAL APPLICATION CONNECTIONS 


wn 
a HWnX +5V = 
HWnY T c=z 
= 
vec | __ Ww 
ao 
a 
CAPH |———__+ 
1 a 0.01 pF 
CAPL |——_! 
HRnP 0.01 uF 
\_} HCOM RDP} —| 
peed (a typical example) 
RDN] 0.01pF Output 
| 
1kQ \ 1kQ 
| cca | 
an 
1. Refer to Application Notes for performance related connection guidelines. 


Note: The structure placements in the diagram are not meant to indicate pin/pad locations. The connections shown will apply regard- 
less of pin/pad location variation. 


Application Notes: 


« Minimizing parasitics at the CAPH/CAPL nodes is vital. Place a high quality (low resistance, low inductance) capacitor as close 
to the pins/pads as possible. 


* VTC recommends placing decoupling 0.1 uF and 0.01 uF capacitors in parallel between the following pins/pads: 
VCC - GND 


* For maximum stability, place the decoupling capacitors as close to the pins/pads as possible. 
* For optimal performance, CAPL should connect to the same common return to which the read heads (HCOM) are connected. 
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Specific Characteristics 


VM61852/4/8 


8-CHANNEL CONNECTION DIAGRAM 


voc 
FLT 
WDY 
WDX 
BIASN 
SDAT 
SCLK 
SENA 
GND 
RDP 
RDN 
GND 


CONOONRWNM = 


131415161718192021 222324 


ABHV (1 
R/WN or 


2 eS 
= 
=r 


CAPH 2tr74 
CAPL (ctr 
HWOX (TT 
HROP [_Ir—] 
HCOM [_11T—]} 
HR1iP ([-1r—] 
HW1Y [-TT—] 
HW1X [<1] 


a ea cies tea (oka ea cite Ciba cies eis eas Gia Ut 


RSP 
ICOM 
R4P 
Ww4Y 
W4x 
W3X 
W3Y 
R3P 
ICOM 
R2P 
W2yY 
W2x 


8-Channel 
48-lead TQFP 


See the general data sheet for common specification information. 
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wo 
4-CHANNEL CONNECTION DIAGRAM = 
oc 
=i 
GND [41 38 [1 HR8P oc 
vec [2 37 > Hw3Y = 
FLT (43 36 = HW3X 
wbyY c—4 35 = HW2Y 
WDX C—5 34 [—74 HW2xX 
BIASN ——16 33 [_=7 HR2P 
SDAT ——17 32 [= HR1P 
SCLK (18 31 => HW1Y 
SENA [19 30 — 7 HW1X 
GND C— 10 29 [74 HWOY 
RDP c— 11 28 = HWOX 
RDN C—] 12 27 [=> HROP 
GND [4 13 26 —4 NC 
ABHV C— 14 25 [7 HCOM 
R/WN C— 15 24 | NC 
CAPH ——1] 16 23 [= NC 
CAPL ([— 17 22 4 NC 
NC 18 21575NC 
NC C—19 20 —4 NC 
4-Channel 
38-lead VSOP 


Specific Characteristics 
See the general data sheet for common specification information. 
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Specific Characteristics 
See the general data sheet for common specification information. 
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2-CHANNEL CONNECTION DIAGRAM 


WDY 
WDX 
BIASN 
SDAT 
SCLK 
SENA 
RDP 
RDN 
ABHV 
RNW 
C1iP 
GND 


24 [7 FLT 
23 — 7 VCC 
22 [74 GND 
21 1=7 NC 
-— NC 
19 [7 MRP1 
18 4 HW1Y 
17 4 HW1X 
16 |= HWOY 
10 15 = HWOX 
11 14 [7 MRPO 
12 13 = GND 


CONDORWN= 
Do 
oS 


(UIE 00 


2-Channel 
24-lead SSOP 
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ADVANCE INFORMATION 


VM6189 Series 


PROGRAMMABLE, 5-VOLT, 
MAGNETO-RESISTIVE HEAD, READ/ 
WRITE PREAMPLIFIER 

with SERVO WRITE 


990812 August 12, 1999 
FEATURES BLOCK DIAGRAM 
* General ik = 
- Designed for Use With Four-Terminal MR Heads ~ ~ 
- 3-Line Serial Interface with Readback 
(Provides Programmable Bias Current, Write Current, Write WORK:C tO HWty 
Damping Resistance, Head Selection, Read Gain, Thermal WDY (¢)} © HW1Y 
Asperity, and Servo Operation) Write [—O Hwex 
- Bandwidth = 160 MHz Min Current & [oO Hey 
(Rug = 50Q, Ly = OnH) peutre eo es, 
- Operates from a Single +5 Volt Power Supply —& Lo. 
- Fault Detection Capability &£ -_». 
- Available as a 4- or 8-Channel Device E | Hwey 
. ap Performance Reader biases -— tp eWer 
Current Bias / Current Sense Architecture RS OO Write Current H—© HW7x 
- MR Bias Current 5-bit DAC, 3.05 - 12.35 mA Range t—Q) Hw7y 
- Programmable Read Voltage Gain ties Asperity A 
3 etection Threshold 
(4 Channel: 138 V/V or 220 V/V Typical, Rur = 50, SCLK G4 
8 Channel: 122 V/V or 195 V/V Typical, Ruy = 502) SDIO (4 San sEnAbs v 
- Thermal Asperity Detection and SENA GQ Fautt | Fit) 
Fast Recovery Compensation Sleep / lle / Gain DBHV 
ie T 
- Digital and Analog Buffered Head Voltage (BHV) RW 
Measurement Modes | 
E a rs FAST QOH Head Select 
- Input Noise = 0.8 nV/VHz Typical 
(Rup = 50, Iya = 8mA) aoe el Serial Controller 
- Power Supply Rejection Ratio = 45 dB (1 < f < 100 MHz) 
- Dual Reader Input with One Side Grounded Externally HROP 
. nae Speed Writer 
Write Current 5-bit DAC, 17 - 52 mA Range 
- Rise Time = 1.7 ns Typical HROP (}—— > {) RDP 
(Ry - 16Q, Ly = 130 nH, Rp = 600Q, ly = 30 mA) HRie > RON 
- Multi-Channel Servo Write Oo l 
- 3V CMOS or 5V TTL compatible Write Data Inputs me g 
-o—Je ——> ABHV 
DESCRIPTION HReP G6 — g 
The VM6189 is a high-performance read/write preamplifier HR7P G—— Le 
designed for use with 4-terminal magneto-resistive recording MR Controller 
heads in low-power applications. The VM6189 operates from a HGND © 
single +5V power supply. This device provides write current to 
the write current drivers, DC bias current for the MR head, read o © 
and write fault detection, and multi-channel servo write. This ile GIN 
device also provides low voltage power supply detection and = Thlgipin.avelleble:only:on'e-Channel.devicg 
power-saving idle and sleep modes. 
Programmability of the VM6189 is achieved through a 3-line, eeeoL Ea bee 
16-bit serial interface. Programmable parameters include MR Power Supply: 
bias current, write current, head selection, damping resistance, Nes ccastisiaatan ex eteantenaues cecadeet tanita ett -0.3V to +7V 
reader gain, thermal asperity detection threshold and servo Read Bias Current, lyq ..scccceecsceecessececssseececseseeeestseeecees 16mA 
operation. Write Current, ly ..ccccccccccsccssesssceeceeseeeseceeeeeecececeeseeseeeess 55mA 


Available in 4- and 8-channel options. Please consult VTC for 
other channel-count and/or package availability. 
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Input Voltages: 
Digital Input Voltage, Vin 
Head Port Voltage, V, 
Output Current: 


bueticen ieee -0.3V to (Veg + 0.3)V 
ated cote -0.3V to (Vog + 0.3)V 


RDP, RONG. <o:teatstexeacenmsceckinn coiseteamdembranninaceenaceers -10mA 
Junction Temperature, Ty .........:.ceeeseseeeeeseeeeereeeeeeeens 150°C 
Storage Temperature, Tig ......-::::eeeeeeeeeeeeeeeeees -65°C TO 150°C 
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RECOMMENDED OPERATING CONDITIONS 


Power Supply Voltage: 


ViGGr - .anetsnnaieniaeethsthwhaanautachee pareian sans aandseeetssenneneore +5V + 10% 
Write- Current Nyy sien siiie cn nvitecatisanineweastcesmessintas veaaaiede eine’ 17-52mA 
Write Head Inductance, Ly ...........:eeceeeeeeeeeeeeeeees 85 - 180 nH 
Write Head Resistance, Ry .........:.:.::ceeeeeeeeeeeeee eee eeeeee 7-219 
Read Bias Current, Iya cc... cece eee eee eee eee ee eee eee 3.05 - 12.35 mA 
Read Head Inductance, Lyp .....-.ceeeeeeeeeee scene eee eeee eee 0 - 100 nH 
Read Head Resistance, Ryp.........ecceeeeeeeeeeeeeeeeeee reas 30-812 
Junction Temperature, Ty ............ cece eee cece eee 0°C to 125°C 


OPERATING MODES AND CONTROLS 


Serial Interface Controller 

The VM6189 uses a 3-line read/write serial interface for control 
of most chip functions including head selection, MR bias current 
magnitude and write current magnitude. See Tables 158 and 
159 for a bit description. 

The serial interface has two input lines, SCLK (serial clock) 
and SENA (serial enable), and one bidirectional line SDIO (serial 
data input/output). The SCLK line is used as reference for 
clocking data into and out-of SDIO. The SENA line is used to 
activate the SDCLK and SDIO lines and power-up the 
associated circuitry. The bidirectional SDIO line supports full 
readback. 

16 bits constitutes a complete data transfer. The first 8 bits are 
write-only and consist of one read/write bit <A0>, three preamp 
select bits <A3-A1> (which must be <001> for this preamp), and 
four register address bits <A7-A4>. The second 8 bits <D7-D0> 
consist of data to be written-to or read-from a register. 

A data transfer is initiated upon the assertion of the serial 
enable line (SENA). Data present on the serial data input/output 
line (SDIO) will be latched-in on the rising edge of SCLK. During 
a write sequence this will continue for 16 cycles; on the falling 
edge of SENA, the data will be written to the addressed register. 
During a read sequence, SDIO will begin outputting data on the 
falling edge of the 9th cycle. At this time <DO> will be presented 
and data will continue to be presented on the SDIO line on 
subsequent falling edges of SCLK. 

Note: Data transfers should only take place in idle or write 
modes. I/O activity is not recommended in read mode 
and may result in reader performance degradation. 

See Table 161 and Figures 110 and 111 for serial interface 

timing information. 


Read Mode 

In the read mode, the circuit operates as a low noise, single- 
ended amplifier that senses resistance changes in the MR 
element which correspond to magnetic field changes on the 
disk. 

The VM6189 uses the current-bias/current-sensing MR 
architecture. The magnitude of the MR bias current is referenced 
to the current flowing through an external 2kQ resistor 
(connected between pin RS and ground). The following equation 
governs the MR bias current magnitude: 


wl 


6 
| = =— +0.3(k ) (eq. 79) 
MR Ras IMR 


lp represents the bias current flowing to the MR element (in mA). 
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Ras represents the equivalent resistance between the RS pin and ground (in kQ). 
kip represents the MR bias DAC setting (0 to 31). 

A “high” TTL level applied to the R/W pin and a “low” TTL level 
applied to the BIAS pin (along with the “high” levels on the IDLE 
and SLEEP serial register bits) places the preamp in the read 
mode and activates the read unsafe detection circuitry (see 
Table 155). 

The output of the read preamp is differential. 

Read Bias Enable in Read Mode 
Taking the BIAS pin low in read mode enables MR bias current 


to the selected head. 

Taking the BIAS pin high in read mode directs the MR bias 
current to an internal dummy head and common-mode clamps 
the reader output. The MR bias current source and the MR bias 
control loop remain active. 

MR Bias DAC 

The 5 bits in register 1 (1:<D3-D7>) represent the binary 
equivalent of the DAC setting (0-31, LSB first). 
Thermal Asperity Detection and Compensation 

A thermal asperity (caused by the collision of the MR element 
with the media) is characterized by a large amplitude 
disturbance in the readback signal followed by an exponential 
decay. (Figure 107 displays the reader output for an 
uncompensated thermal asperity event.) 


Amplitude 


RDP - 
RDN 


NZ 


1 us 


Time 


Figure 107 Thermal Asperity Event 


Recovery from this large disturbance in the data path can take a 
relatively large amount of time (typically several microseconds) 
without detection and correction. The VM6189 implements both 
a programmable detection threshold and fast recovery 
compensation for such disturbances. 
Detection 

Setting the TADET bit high (3:<D3> = 1) allows the TA 
detection circuitry to detect an asperity event (based on the 
programmable threshold) and report this as a fault condition on 
the fault line. Setting this bit low disables TA detection. 

The threshold for thermal asperity detection has a range of 50 
to 800 mV and is governed by the following equation: 


Vrapt = 500. + kryp7) (eq. 80) 
Vrapt represents the TA threshold (output-referred in mVpk; +15 %). 
ktapt represents the TA DAC setting (0-15). 


Fast Recovery Compensation 
A Fast Recovery mode is initiated in three ways: 
(See Table 156 for a diagram of the modes) 
19) Setting the Fast Recovery (FR) bit high (4:<D5> = 1). 
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20) If both the FR and TADET (3:<D3>) bits are high, a 
thermal asperity will initiate fast mode. 

Note: The thermal asperity must be positive. 

21) Taking the FAST pin low (8 channel only). This overrides 
the FR serial bit and initiates the Fast Recovery mode 
regardless of the detection circuitry. 

Note: This configuration makes it possible to use the preamp 
simply as a thermal asperity detector and allow the chan- 
nel to control the corner frequency movement. 

When activated, Fast Recovery Compensation raises the 
nominal 700 KHz lower -3dB corner frequency to approximately 
3.5 MHz until the RDP-RDN output baseline is restored. This 
adjustment removes the low frequency component of the 
asperity event and allows the preamp to reach its DC operating 
point rapidly after a thermal asperity occurrence (ensuring 
complete output recovery within nanoseconds rather than 
microseconds; see Figure 108). 


FLT 
o 
"e 
2 
2 
< TA Detection Threshold 
RDP - 
S ‘ RDN 
= é Baseline 


Time 


VY 
200 ns 


Figure 108 TA Detection and Compensation 


Analog Buffered Head Voltage (ABHV) 
Setting the MRMEAS bit high (4:<D3>) allows an amplified 


representation of the MR bias voltage to be presented on the 
ABHV pin. This voltage is defined by the equation: 


Vauy = ABAVUyn* Rua) + Vaos (eq. 81) 


ABHV (Analog Buffered Head Voltage Gain) = 5 V/V Typical. 
lp represents the bias current flowing to the MR element (in mA). 
Vgos represents the Output Offset Voltage. 


If the MRMEAS bit is set low, the ABHV pin goes into a high 
impedance state. 


Digital Buffered Head Voltage (DBHV) 
Setting the MRMEAS bit high (4:<D3>) allows the digital 


buffered head voltage (DBHV) to be represented on the FLT/ 
DBHV pin. 

The DBHV output is high when the MR bias current is set toa 
level that causes the Ia-Ru,_ product to fall within the comparator 
thresholds of 380mV and 520mV. The output is low when the 
Ive‘ Rur Product falls above or below this range. 


Fault Detection 

Setting the MRMEAS bit low (4:<D3>) allows the fault status 
(FLT) to be represented on the FLT/DBHV pin. 

In the read mode, a low on the FLT line (open collector) 
indicates a fault condition. The fault condition can be triggered 
by any of the following conditions: 


* Shorted MR element 

« Low power supply voltage 

* Thermal asperity detected (reported when enabled with the 
TADET bit (3:<D3> = 1)) 
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* Open MR head 
* HS2 selected (current diverted to dummy head) - 4 channel 
only. 


Note: An MR open head fault condition is detected but not 
reported on the FLT line for 4 to 6 us. The voltage on the 
loop-compensation capacitor (C1) is clamped to provide 
MR open head protection (until another head is selected 
or a mode change is initiated). 


Write Mode 
In the write mode, the circuit operates as a thin film head write 
current switch, driving the thin film write element of the MR head. 
The magnitude of the write current is referenced to the current 
flowing through an external 2kQ resistor (connected between pin 
RS and ground). The following equation governs the write 
current magnitude: 


Ww = (24 +0113- kyl} — 
Res tae 8 


Rp 


(eq. 82) 


lw represents the write current flowing to the selected head (in mA). 
kw represents the write current DAC setting (0 to 31). 
Rp represents the damping resistance (in Q). 
Ry represents the series head resistance (in Q). 
Rpg represents the equivalent resistance between the RS pin and ground (in kQ) 


A “low” TTL level applied to R/W (along with “high” levels on 
the IDLE and SLEEP serial register bits) places the preamp in 
the write mode (see Table 155). The write data (PECL) signals 
on the WDX and WDY lines drive the current switch to the thin 
film writer. Write current polarity is defined in Figure 112. 

Write Current DAC 

The 5 bits (2:<D0-D4>) represent the binary equivalent of the 
DAC setting (0-31, LSB first). 

Write Current Damping 

The 2 bits (3:<D1-D2>) represent the programmable damping 
resistance. The settings are defined in Table 153. The default 
setting is 670W. 


Table 153Write Current Damping Resistance 


oe Paton Resistance | Rise/Fall Time '| Overshoot 
0 0 670Q 1.7 ns 30% 
0 1 2600 1.8 ns 22% 
1 0 160Q 1.9 ns 16% 
1 1 1202 2.1ns 10% 


1. lw = 30mA (DAC=13), Ly = 130nH, Ry = 162 


Read Bias Enable in Write Mode 

Taking the BIAS pin low in write mode enables MR bias current 
to the selected head. The read circuitry is in its normal “read” 
state except that the reader outputs are clamped to maintain 
their common-mode voltage. 

Taking the BIAS pin high in write mode shuts down the reader. 


Fault Detection 

Setting the MRMEAS bit low (4:<D3>) allows the fault status 
(FLT) to be represented on the FLT/DBHV pin. 

In the write mode, a high on the FLT line (open collector) 
indicates a fault condition. The fault condition can be triggered 
by any of the following conditions: 
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* Open write head 

« Low power supply voltage (write current disabled) 

« Write head shorted to ground 

« HS2 selected (write current disabled) - 4 channel only. 

* Low write data frequency 
If a low power supply or HS2 select fault condition is detected, 
the write current source internal to the chip is shutdown and no 
current flows to any head for the duration of the fault. 


Servo Write Mode 

In the servo write mode all channels of the VM6189 may be 
written simultaneously. 

Setting both the BANKO and BANK1 bits (2:<D7> and 4:<D6>) 
to “1” (along with appropriate levels on the R/W pin and IDLE 
and SLEEP serial register bits) places the preamp in servo write 
mode (see Tables 154 and 155). Setting the HSO - HS1 register 
bits (1:<D0-D1>) to “1” initiates a servo write to all heads (see 
Table 154). A combination of “O” and “1” on the HSO-HS1 bits 
initiates a 4 head bank servo operation for the 8-channel device 
(see Table 154). All write mode fault circuits are disabled, except 
for low power supply voltage. 

Note: It is the customer’s responsibility to make sure the ther- 
mal constraints of the package are not exceeded. 
(This could be achieved by lowering the supply voltage, 
reducing the write current, cooling the package or limiting 
the servo active duty cycle.) 


Table 154Servo Mode Head Select 
BANK1BANKO HS1 | HSO 


4:<D6>\2:<D7>\1:<D1>\1:<DO>| 
0 0 


Heads 
4-Channel 8-Channel 
Normal Operation 
Normal Operation 
Normal Operation 
N/A | N/A! 

N/A | 4,5,6 and 7 
N/A | 0, 1, 2, and 3 
0-3 (All Heads) 0-7 (All Heads) 


afafalalo|/a 
+)4]O}O] <><] >< 
+)O|-+/O} <)>] >< 


1. N/A = No head current and no faults reported. 


Fault Detection 

Setting the MRMEAS bit low (4:<D3> = 0) allows the fault 
status (FLT) to be represented on the FLT/DBHV pin. 

In the servo write mode, a high on the FLT line (open collector) 
indicates a fault condition. The fault condition is triggered by the 
following condition: 

« Low power supply voltage (write current disabled) 


IdleMode 

Setting the IDLE bit low (4:D1> = 0) places the preamp in idle 
mode (see Table 155). The state of the BIAS pin determines the 
state of the MR bias current source. 
Bias Enable 

Taking the BIAS pin low in idle mode activates the MR bias 
current source. The MR bias current control loop is activated so 
that the state of the C1 loop capacitor remains near its Read 
mode operating point, but the reader output remains in its idle 
state (inactive). 

Taking the BIAS pin high in idle mode disables the MR bias 
current source and inactivates the MR bias control loop. 
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Sleep Mode 

Setting the SLEEP bit low (4:<D0> = 0) places the preamp in 
Sleep mode (see Table 155). All circuits are inactivated to 
minimize power dissipation. Only the serial register remains 
active. 


Table 155Mode Select 


X 1 X 0 1 Idle 
Idle 
x 0 x 0 1 Bias Active 
(dummy head) 
Read 
x 0 : : : Bias Active 
Read 
X 1 1 1 1 Bias Inactive 
(dummy head) 
Write 
0 : : | , Bias Active 
Write 
: : y : Bias Inactive 
1 x 0 1 1 Servo 


1. In this table, a “1” in the Servo column represents a combination of high levels 
onthe BANKO and BANK‘1 bits in the serial register (2:<D7> and 4:<D6>). A “0” 
represents all other combinations of those two bits. 


Table 156Thermal Asperity Mode Control 


FR | TADET Fast! Mode Control 
4:<D5>| 3:<D3> Fast Recovery |_ TA Detection 
X X 0 On Off/On 
0 0 1 Off Off 
0 1 1 Off On 
1 0 1 On Off 
1 1 1 TA Detection triggers Fast Recovery 


1. This pin available only on 8-channel device. 


Table 157Head Select (non-servo) 


HS2 HS1 HSO Head 
0:<D2> 0:<D1> 0:<D0O> 

0 0 0 0 

0 0 1 1 

0 1 0 2 

0 1 1 3 
1 0 0 4 
41 0 1 5 
41 { 0 6 
1 1 1 7 


1. Valid for 8-channel device only (see Fault Detection on page 355). 
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PIN FUNCTION LIST AND DESCRIPTION 


Signal 


RW 


BIAS 


FAST 


ABHV 


FLT/DBHV 


WDX, WDY 
HROP-HR7P 
HWOX-HW7X 
HWOY-HW7Y 
RDP, RDN 
C1P,C1N 
HGND 

GND 

VCC 

RS 


SENA 


SCLK 


SDIO 


1. 1 = Input pin, O = Output pin 


Input/ 
Output ' 


/O 


Description 


7) 
= 
o 
— 
=u 
a 
a. 


Read/Write: 
A TTL low level enables write mode. Pin defaults high with 40kQ pullup resistor (read mode). 


Bias Enable: 
A TTL low level enables MR bias current to the selected head (or to an internal dummy head 
in idle mode). Pin defaults high with 40kQ pullup resistor (bias disabled). 


Fast Read Enable (8-channel device only): 
A TTL low level enables Fast Read mode (regardless of the state of the FR serial bit or the 
thermal asperity detection circuitry. Pin defaults high (FAST disabled). 


Analog Buffered Head Voltage: 
ABHV (Analog Buffered Head Voltage) is represented on the pin when MRMEAS (4:<D35) is 
set high. 
- The preamp drives this pin to an analog voltage representing five times the product of 
Ime" Rue: 
When the MRMEAS bit is set low the output goes into a high impedance state. 


Fault/Digital Buffered Head Voltage: FLT (Fault) is represented on the pin when MRMEAS 
(4:<D3>) is set low. Output is an open collector. 
- In Write mode, a high level indicates a fault. 
- In Read mode, a low level indicates a fault. DBHV (Digital Buffered Head Voltage) is 
represented on the pin when MRMEAS (4:<D3>) is set high. 
Pin defaults high (open collector) to prevent accidental write conditions. 


Differential Pseudo-ECL write data inputs. 

MR head connections, positive end. 

Thin-Film write head connections, positive end. 
Thin-Film write head connections, negative end 

Read Data: Differential read signal outputs. 
Compensation capacitor for the MR bias current loop. 
Head Ground, common return for MR Heads and C1iN. 
Ground 

+5.0V supply 


Reference Voltage for both MR Bias and Write Current. 
(External 2kQ resistor sets reference current for the read and write DACs.) 


Serial Enable: 
Serial port enable signal; see Figures 110 and 111. Pin defaults low with 40kQ pulldown resis- 
tor. 


Serial Clock: 
Serial port clock; see Figures 110 and 111. Pin defaults low with 40kQ pulldown resistor. 


Serial Data: 
Serial port data; see Figures 110 and 111. Pin defaults low with 40kQ pulldown resistor. 
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SERIAL INTERFACE 

The serial interface has two input lines, SCLK (serial clock) and SENA (serial enable), and one bidirectional line SDIO (serial data 
input/output). The SCLK line is used as reference for clocking data into and out-of SDIO. The SENA line is used to activate the SCLK 
and SDIO lines and power-up the associated circuitry. When SENA is low only the output D-latches and the reference generators 
remain active. 

16 bits constitute a complete data transfer. The first 8 bits are write-only and consist of one read/write bit <AO> (high for read, low 
for write), three preamp select bits <A1-A3> (which must be <001> for this preamp), and four register address bits <A4-A7>. The 
second 8 bits <D0-D7> consist of data to be written-to or read-from a register. 

A data transfer is initiated upon the assertion of the serial enable line (SENA). Data present on the serial data input/output line (SDIO) 
will be latched-in on the rising edge of SCLK. During a write sequence this will continue for 16 cycles; on the falling edge of SENA, the 
data will be written to the addressed register. 

During a read sequence, SDIO will become active on the falling edge of the 9th cycle (delayed to allow the controller to release control 

of SDIO). At this time <DO> will be presented and data will continue to be presented on the SDIO line on subsequent falling edges of 

SCLK. 

Note: Data transfers should only take place in idle or write modes. I/O activity is not recommended in read mode and the reader output 
is disabled during data transfer. 

See Tables 158 and 159 for a bit description. See Table 161 and Figures 110 and 111 for serial interface timing information. 


Clk 1 Clk 16 


Tea Address a! Internal Address Bits | Data Bits | 


SerData___\RWD/TAT\ Ae _as_KREX AS XRE KAT ><_BOK DIK BZ KOT OF YX OF KOE YX HF) 
* 


“~~ See the note below regarding Read mode. 


SerEna _/ \ 


* 


For a read operation, the clock rate can be reduced for one period between the <A7> bit and the <DO> bit to provide 
sufficient time for the controller to tristate its output (release control of SDIO), and the VM6189 to untristate (activate 
control of SDIO). The clock rate need not be reduced during a write operation. 


Figure 109 Serial Port Protocol 


Table 158Serial Interface Bit Description -- Address Bits 


Function Register # Register Address Bits Device ID R/W 

<A7-A4> <A3-A1> <A0> 
Vendor ID / Channel Count 0 0 0 0 0 1/0 
Head Select / MR Bias Current DAC 1 0 0 1 1/0 
Write Current DAC / Servo Bank 2 0 0 1 0 001 1/0 
Thermal Asperity 3 0 0 1 1 1/0 
Sleep / Idle / Gain 4 0 1 0 0 1/0 
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Table 159Serial Interface Bit Description -- Data Bits 


Function Register # Pate Bis 
9 <D7> <D6> <D5> <D4> <D3> <D2> <D1> <D0> g 
Vendor ID / Channel Count 01 1? Channel VS2 Vs1 Vso 0 1 0 = < 
Head Select / oc 
MR Bias Current DAG 1 IMR4 IMR3 IMR2 IMR1 IMRO HS2 HS1 HSO o 
dll A ge 2 BANKO 03 03 Iw4 Iw3 Iw2 Wa Iwo 
Servo Bank 
Thermal Asperity 3 TA3 TA2 TAI TAO. | TADET | DRi2 | DRO? 03 
Mode Select 4 03 BANK1 FR 03 MRMEAS | GAIN IDLE SLEEP 


= 


. Read Only Register/Bits: 

Register 0, <D0-D2>: Vendor ID code (VTC=010), 

Register 0, <D3-D5>: Vendor revision code. Initial revision shall be (VSO = 0, VS1 = 0, VS2 = 0), 
Register 0, <D6>: Channel count (0 = 8 channel, 1 = 4 channel), 

Register 0, <D7>: Programmable damping resistance (1 = present). 

Programmable Damping Resistance Registers/Bits, See Table 153 on page 355 for further definition: 
Register 0, <D7>: Programmable damping resistance (1 = present), 

Register 3, <D1-D2> = Damping resistance value DAC. 

Reserved Registers/Bits: 

Register 2, <D5-D6>, 

Register 3, <DO>, 

Register 4, <D4> and <D7>. 


i) 


wo 


Table 160Power-on Reset Register Values 


F : Power-on Reset Value 
Function Register Number <D7-D0> 

Vendor ID / Channel Count 0 <0000 0010> ' 

Head Select / MR Bias Current DAC 1 <0000 0000> 

Write Current DAC / Servo Bank 2 <0000 0000> 

Thermal Asperity 3 <0000 0000> 

Mode Select 4 <0000 0000> 

1. Assumes an eight channel device <D6> = 0, first revision of the chip <D5-D3> = 000 from VTC <D2-D0> = 010. 
Table 161Serial Interface Timing Parameters 
Description Symbol Min Nom Max Units 
Serial Clock (SCLK) Rate .001 40 MHz 

SENA to SCLK delay Tigges 30 ns 
SDIO setup time Tas 5 ns 
SDIO hold time Tah 5 ns 
SCLK cycle time T, 25 ns 
SCLK high time Toe 20 ns 
SCLK low time Tout 20 ns 
SENA hold time T shia 25 ns 
Time between I/O operations Tesi 50 ns 
Time to tristate controller driving SDIO (release control of SDIO) Tic 50 ns 
Time to activate SDIO Tg 0 50 ns 
Duration of SENA (read) Tra 905 ns 
Duration of SENA (write) Twt 855 ns 
Risetime (CMOS 0.4 to 3.5 Volts, TTL 0.4 to 2.4 Volts) Trin 4 ns 
Falltime (CMOS 3.5 to 0.4 Volts, TTL 2.4 to 0.4 Volts) Tein 4 ns 
Risetime (CMOS 0.4 to 3.5 Volts, TTL 0.4 to 2.4 Volts) Trout 5 ns 
Falltime (CMOS 3.5 to 0.4 Volts, TTL 2.4 to 0.4 Volts) Trout 5 ns 


Note: SENA assertion level is high. 
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SDIO Rwb At A2 --—- pd 6X be) D7: 
<->, 
' Tds ! Tdh, ' 
SENA__/ \ 
Tsens Tshld 
on Te _——, 
Figure 110 Serial Port Timing 
<_<. =< 
'Tdh: Ttric:: Tact : 
SCLK — = 
SDIO ——X do Xr Xa) 
SENA 1 1 Pt 1 


Figure 111 Serial Port Timing - Tristate Control 


WDX - WDY i F \ J 


—<— 
to1 


HWnxX - HWnY 
(lw) 


Figure 112 Write Mode Timing Diagram 


The write current polarity is defined by the levels of WDX and WDY (shown in the expression WDX - WDY). 
For WDX>WDY current flows into the “Y” port; for WOX<WDY current flows into the “X” port. 
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STATIC (DC) CHARACTERISTICS 


Recommended operating conditions apply unless otherwise specified. 


VM6189 % 
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Parameter Symbol Conditions Min Typ Max Units 
Read Mode, Ima= 8 mA 55 75 
Write Mode, Bias enabled, 
ly = 30MA, Iya = 8MA - 3 
Idle Mode, Bias disabled 8 16 
Voc Power Supply Current loo Sleep Mode 35 10 mA 
Servo Mode, Bank of 4 heads, 
lw = 25mA, Voc = 5.0V We aul 
Servo Mode, Bank of 8 heads, 
lw = 25mA, Voc = 5.0V 320 oe 
Read Mode, Iya = 8mA 280 412 
Write Mode, Bias enabled, 
lw = 30mA, Ima= 8MA ahs Gee 
Idle Mode, Bias disabled 40 83 
Power Dissipation Py Sleep Mode 17.5 55 mw 
Servo Mode, Bank of 4 heads, 
lw = 25mA, Voc = 5.0V ogi a 
Servo Mode, Bank of 8 heads, 
lw = 25mA, Voc = 5.0V rest _Y 
PECL 1.9 Voc - 0.7 
Input High Voltage Vin V 
TTL 2.0 Voc + 0.3 
PECL 1.7 Vin - 0.2 
Input Low Voltage Viv V 
TTL -0.3 0.8 
; : : WDxX- 
PECL Differential Input Swing WDY 0.2 1.5 Vex 
PECL 120 HA 
Input High Current liv 
TTL, Vin= 2.7V 80 HA 
PECL 100 LA 
Input Low Current li 
TTL, V,. = 0.4V -160 HA 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: |ya=8MA, Ryrp=50Q 


2 Parameter Symbol Conditions Min Typ Max Units 
m 
z = MR Head Current Range lar 3.05 9 12.35 mA 
U0 
7) 
3.05MA < ly < 12.35mA, ? 
MR Head Current Accuracy Alur Rag = 2kQ, Voo=5V, Ta=25°C -6 6 Yo 
MR Head Current Temperature Alien 0.6 % 
Sensitivity ea 
A(115 — 25°C) 
neal Current Supply Baga. oe > 
y A(0.5V) 
Unselected MR Head Current 25 LA 
MR Bias Top Voltage 800 mV 
lur/lw Reference Source Vas Ras = 2kQ 2 V 
' Dynamic Gain 
Buffered Head Voltage Gain Asuv In (DAC=0) to Iya (DAC=31) 4.75 5.0 5.25 VIV 
Buffered Head Output Offset Vos -260 -80 100 mV 
Low Threshold, MRMEAS bit = 1 350 380 410 
Digital Buffered Head Voltage Deny mV 
High Threshold, MRMEAS bit = 1 478 520 562 
Vin = 1MV,, @10MHz, T, = 25°C, 
R.(RDP, RDN) = 1k, Veg=5V 117 138 159 
4 Channel, Gain bit = 0 
Differential Voltage Gain Ay 4 Channel, Gain bit = 1 187 220 253 viv 
8 Channel, Gain bit = 0 104 122 140 
8 Channel, Gain bit = 1 166 195 224 
Differential Voltage Gain AA 
Bee Vv 6 % 
Temperature Sensitivity ee a 
A(115-25 C) 
ol ee 02 * 
pPY f A(0.5V) 
aes Bpper rrequency fia Lur< 20H, -3dB 160 200 MHz 
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READ CHARACTERISTICS 


Recommended operating conditions apply unless otherwise specified: Ima=8MA, Ryrp=502 
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Parameter Symbol Conditions Min Typ Max Units 
o 
a 
Passband Lower C= 0.01HF 0.7 1 a= 
— fie MHz =u 
“ede Freduency:Fimit FAST = 0 or FR bit = 1 4.5 7 tr 
Equivalent Input Noise & 1 <f<100 MHz 0.62 nv/ 
(sense amp only) VHz 
: : : PA/ 
Bias Current Noise in 10 Vz 
Equivalent Input Noise nV/ 
(total, excluding Ry) &n Rete (ai Mee Oe a VHz 
Input Resistance Rin 3 Q 
AC input V where Ay falls to 90% 
Dynamic Range DR of its value at Viy = 1MV,, 5 MV pp 
@ f = 5 MHz, Gain bit = 1 
100mV,, On Vee; 
Power Supply Rejection Ratio PSRR 1 <f< 100 MHz 45 dB 
Input Referenced 
Unselected Channels: 
Channel Separation cS Vin= 100mV,,, 1 < f < 100 MHz 45 dB 
Input Referenced 
100mV,, @ R/W, BIAS, SCLK, 
: ae SDIO or SENA, 
mimelenon rs Output Referenced, Gain bit = 0, so ae 
1 <f< 100 MHz 
Output Offset Voltage Vos -200 200 mV 
Common Mode Output Voltage Voc Read Mode — V 
Common Mode Output Voltage 
Difference AVocm Vocm (READ) - Vocw (WRITE) 300 mV 
Differential Output Resistance Rpo Read Mode, T, = 25°C 60 70 80 Q 
Output Current lo AC Coupled Load, RDP to RDN 2 mA 
THERMAL ASPERITY CHARACTERISTICS 
Parameter Specification 


50[1 + DAC value (0-15)]mV, output-referred: 


Thermal Asperity Detection Threshold + 20% @ 50 to 100mV or + 15% @ >100mV 


50mV to 800mV over baseline DC level in RDP/RDN 


Thera) sporty Delechon ante (low frequency variation in baseline tracked by threshold) 
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WRITE CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: ly = 30mA, Ly = 130nH, Ry = 16Q, fpoat, = SMHz. 


2 Parameter Symbol Conditions Min Typ Max Units 
m 
z ES Write Current Range lw base to peak 17 52 mA 
U0 
” Write Current Accuracy Alw Voc = SV, T= 25°C -10 10 % 
: Voc = SV, T= 25°C, 4 
Servo Write Current Accuracy Alws IW = 24.9 mA (2:<D0-D4> = 7) -10 10 Yo 
Write Current Sensitivity AI 
Ww 3 
Temperature ee ee 
A(115— 25°C) 
% 
ee lie Sensitivity ie 06 
mad A(05V) 
Iur/lw Reference Source Vas Ras = 2kQ 2 Vv 
Differential Head Voltage Swing Vou Open Head, Vcc = 4.5V 7 Vpp 
Unselected Head 
Transition Current lun oY HA 
Differential Output Dampin See 
Pecaiaice eine ete Ro Table . 
153 | 
Damping Resistance Tolerance ARo -20 20 % 
Differential Output Capacitance 12 pF 
Write Data 
Rwo 120 Q 


Differential Input Resistance 


= 


. The part has programmable damping resistance. 
Note that the write current flowing to the head is dependent on the damping resistance; see equation 82 on page 355. 
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Recommended operating conditions apply unless otherwise specified: ly = 30mA, Ly, = 130nH, Ry = 16Q, fpata = SMHZ, Im_p=8mA. 


Parameter Symbol Conditions Min Typ Max Units 
RW to Write Mode trw To 90% of write current 20 30 50 ns 
RW to Servo Write Mode trws ee Pon Sono ME Cur 25 50 65 ns 
— RDP/RDN to within +30mV 1 
R/W to Read Mode twr sidiial value 300 500 ns 
Read or Write to Idle Mode tr/twi To 10% of envelope 150 500 ns 
RDP/RDN to 90% of enve- 
Idle to Read Mode tcs lope and within 30mV of 5 1 10 us 
final value 
Bias Disable to Enable, t RDP/RDN to within +30mV 75 25 j 
Read Mode le of final value ; e 
RDP/RDN to within +30mV 
HSO - HS3 to Any Head tus of final value; read mode 6.5 10 Us 
ARwr) = 0, Alur = 0 
Head Current Propagation — From 50% points, WDX to 15 20 ag 
Delay lw 
Write Data has 50% duty 
Asymmetry Asym cycle & 1ns rise/fall time; 0.5 ns 
Ly = 0; Ry =0 
Rise/Fall Time t/t 10 - 90%, Rp=6702 1.7 ns 
Alur from 5 to 10 mA, 
Bias Current Change t(Almr) RDP/RDN to within +30mV 7 25 ps 
of final value 
1. BIAS pin active low for 25 us preceding the mode transition. 
FAULT PROCESSING CHARACTERISTICS 
Parameter Symbol Conditions Min Typ Max Units 
Vier Fault Detected 3.2 3.6 3.8 
VCC Fault Threshold ! V 
Vuer Fault Removed 3.3 3.75 4.0 
VCC Fault Threshold Hysteresis Var 150 mV 
MR Head Open Fault Threshold 850 1000 1150 mV 
Open Head Fault Delay teLtp Good to Open Head 5 us 
MR Head Short Fault Threshold 50 60 mV 
Low Write Data Frequency Fault Vert FLT = Low (safe) 750 900 ns 
Thermal Asperity Detect Delay TApiy 50 60 ns 
Output High Current lELToH Vou = 5.0 V 50 HA 
FLT/DBHV Output Voltage Low VeLToL loo = 2 mA 0.4 V 
FLT/DBHV Settling Time DBHV¢ertie 10 us 
1. Writer Functionality shall be maintained for Vcc conditions ranging from the specified Vcc limits to the Low Voltage Detector Threshold Voltage. 
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TYPICAL APPLICATION CONNECTIONS 


2 HGND 
A 1 
> = RS |, = 
= 2k 
o 
HWnX ud 
=i HWnY 2.5kQ 
FLT/DBHV |__5 


VCC |__»—________» 


0.01 WF ls 
GND 7 One 
x 
ciP -—— 
+ 0.01 pF 
CiN 
| HRnP 
| 
HGND 0.01nF 
RDP | 
Read 
0.01uF Output 
RDN 
1k Cike 


I 


Note: The structure placements in the diagram are not meant to indicate pin/pad locations. The connections shown will apply regard- 
less of pin/pad location variation. 


Application Notes: 

« Minimizing parasitics at the C1 node is vital. Place a high quality (low resistance, low inductance) capacitor as close to the pins/ 
pads as possible. 

* For optimal performance connect C1N externally to the same ground as the read heads (HGND), or isolate C1N as shown above 
(C1N is tied to HGND internally). 

« VTC recommends placing decoupling 0.1 uF and 0.01 uF capacitors in parallel between the following pins/pads: 

VCC - GND 
* For maximum stability, place the decoupling capacitors and the Rpg resistor as close to the pins/pads as possible. 
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8-CHANNEL CONNECTION DIAGRAM 


o abtkkSogSa 

OnZOanSS35250C04 

SEOLrErE TET TT 

48.47 464544434241 40393837 
WDY crr—1 E44 ies 
WDX C1r—j2 2 ->+4 see 
SENA [113 eas F>+4 ches 
sDIO C1174 i fr cede 
SCLK C1I—15 oe by a 
FLT/DBHV C1116 a a 
aw ele 30 [-17T7 HGND 
BIAS 11-18 pe ay ie 
ABHV (1119 eo E+T4 ve 
RDN (IT 10 ef py awe 
RDP COL} 11 a E>+4 aves 
GND CI 12 2 Ae 


131415161718192021 222324 


8-Channel 
48-lead TQFP 


See the general data sheet for common specification information. 
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VM6189 


vu 
i 
ha = 4-CHANNEL CONNECTION DIAGRAM 
U0 
77) 
GND C—}1 30 [> HR3P 
RS [72 29 = HW3Y 
vec —43 28 7 HW3X 
WDY C—14 27 7 HW2X 
WDX C15 26 | HW2Y 
SENA C—16 25 [9 HR2P 
SDIO (17 24 [—7 HGND 
SCLK [8 23 [— 4 C1P 
FLT/DBHV -—| 9 22-7 CIN 
RW 10 21 [> HRIP 
BIAS (11 20 | HW1Y 
ABHV C— 12 19 [74 HW1X 
RDN [—113 18 = HWOX 
RDP [1 14 17 7 HWOY 
GND [— 15 16 = HROP 
4-Channel 
30-lead VSOP 


Specific Characteristics 
See the general data sheet for common specification information. 
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MAGNETO-RESISTIVE HEAD, 
PROGRAMMABLE READ/WRITE 
PREAMPLIFIER with SERVO WRITE 


o 
= 
990812 August 12, 1999 = = 
oc 
FEATURES BLOCK DIAGRAM - 
* General GND VEE Vcc GNDA VEEA VCCA 
- Transfer Rates in Excess of 350 Mbits/sec O O——O O O O 
- Requires Only One External Component (Rex) 
- Designed for Use With Four-Terminal Heads re S AWox 
- 3-Line Serial Interface a sa 
(Provides Programmable Bias Current, Write Current, Head wp 2 seen 
Selection & Thermal Asperity Detection) nine = ee) ae 
- Die Temperature Monitor Capability Source = a“ 
- Operates from +5 and -5 Volt Power Supplies i ? 
- Upto 12 Channels Available = -—oO 
- Fault Detect Capability ro 
- Servo Write Capability BEN OT ; fo HW 10x 
MR Bias Current 5) HW10Y 
. nigh Performance Reader cso G4 acnan vanaix 
Current Bias / Voltage Sense Configuration HRity 
- MR Bias Current 5-bit DAC T 
Mask option: AMR: 4 - 10 mA, GMR: 2-5 mA 
- Programmable Read Voltage Gain 
(150, 200, 250 or 300 V/V Typical) u 
- Input Noise Voltage = 0.55 nV/VHz Typical Fault |—¢) FLT 
- Input Noise Current = 12 pA/VHz Typical 7 
- Input Capacitance = 6 pF Typical RIWN Head Select 
- Head Inductance Range = 10 nH - 150 nH 
- Bandwidths in Excess of 250 MHz ; 
DMY/RST (y+ Serial Controller 


* High Speed Writer & 
- Write Current 5-bit DAC, 10 - 50 mA Range 
- Rise Time 1.0 ns Typical © 
(10-90%, Lota: = 100 nH, ly = 40 mA) 
DESCRIPTION 

The VM6203 is an integrated bipolar programmable read/write 
preamplifier designed for use in high-performance hard disk 
drive applications using multiple 4-terminal recording heads. 
The VM6203 contains a thin-film head writer, an MR reader, and 
associated fault circuitry. Multiple preamp addressing uses 
software registers to validate the hardware based address. 

Programmability of the VM6203 is achieved through a 3-line 
serial interface. Programmable parameters include MR bias 
current, write current, gain, head selection and thermal asperity 
detection threshold. 

Fault protection circuitry disables the write current generator 
upon critical fault detection. This protects the disk from potential 
data loss. For added data protection internal resistors are 
connected to the R/WN and SENA lines to prevent accidental 
writing due to an open line and to ensure power-up in a non- 
writing condition. 

The VM6203 operates from +5V, -5V power supplies. Low 
power dissipation is achieved through the use of high-speed 
bipolar processing and innovative circuit design techniques. 
When deselected, the device enters an idle mode which reduces 
the power dissipation. 

The VM6203 is available in bump die form for chip-on-flex 
applications. Please consult VTC for details. 
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ABSOLUTE MAXIMUM RATINGS 


Power Supply: 


Vice dd shoectntetnontartactad suddasneteteddoetacnmsarhinansmanixene +0.3V to -6V 
MiGs + Saati wteaiuntaieichniniectrtaats watts Muideiete ca iid id tat -0.3V to +6V 
Read Bias Current, Ip .-..--.:eceeeeceee eee eeeeee cee eeeeeceeaee teenies 18mA 
Write Current, ly ......-.:.ccceeceeeeeceeeee eee ce ects eee ceeaeeeeeeeeaee ees 90mA 


Input Voltages: 
Digital Input Voltage, Vin -0.3V to (Voc + 0.3)V 
Head Port Voltage, Vi, -0.3V to (Voc + 0.3)V 

Junction Temperature, Ty «1.0.0.0... cece eeeee eee ce eee eee ee eens 150°C 

Storage Temperature, Tig ......::eeceeeceeeeeeeeeeeeeeeees 


RECOMMENDED OPERATING CONDITIONS 


Power Supply Voltage: 


Wisp hasacuchcaadaencancuactnay aids aumengarisancancasnauntesmantleaarenacen -5V+ 10% 

Vice Anedastabeicedsanedene stesaedatasurensaateaaateeinactheaaababat +5V + 10% 
Write: Current, NWyesccaasctsaassissevaueascenaiivasisncweasdisdeanaiencaie 10-50 mA 
Write Head Inductance, Ly .. 10-100 nH 
Write Head Resistance, Ry ...........:.::ceeeeeeeeeeeeeeeeeees 10-300 
Read Bias Current, Iyq ...-..:seceeeseseceeesensccersseceeneeens 2-10mA 
Read Head Inductance, Lyp ........eeeceeeeeeee eee e eee eee 10 - 150 nH 


Read Head Resistance, Ryp........-..- 25 - 90 Q (Imr*Rmr<700mV) 
Junction Temperature, Ty ............ cece cee eee eee eee eee 0°C to 125° 


GENERAL DESCRIPTION 


Serial Interface Controller 

The VM6203 uses a 3-line read/write serial interfa 
of most chip functions including head selection, 
magnitude and write current magnitude. 


See “SERIAL PORT” on page 373 for mn % on bit 
descriptions and timing information. 


Preamplifier Configuration and Selection 

The VM6203 is designed for a single or multiple preamp 
configurations. All control lines may be shared (including the 
three serial lines SCLK, SDIO and SENA). 

Pins CSO and CS1 determine the preamplifier’s address in a 
dual preamp configuration. Pins CSO and CS1 are compared to 
the programmed address stored in register 0, bits <A1-A0> to 
activate the chip or to select servo track write operation as 
shown in Table 162. 


Table 162Chip Select 
Address Pins 
CS1 | CSO 


Chip Status 
Active, if matched with register 0, bits <A1-A0> 


Active, if matched with register 0, bits <A1-A0> 


Active, if matched with register 0, bits <A1-A0> 


Broadcast Servo Track Write (STW) 
according to register 10 settings 
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OPERATING MODES 


Test Modes 
Test mode allows the user to calculate the MR head resistance 
by measuring Vy_ or to calculate the die temperature. 


MR Head Resistance 
MR Head Resistance is calculated by setting DIGON (register 
8, <DO>) high and setting MR1 and MRO (register 8, <D2-D1) to 
one of three binary voltage ranges (00 to 10) shown in Table 
167. 
Note: An iterative method for determining the MR Head Resis- 
tance value is available: 
1. Set DIGON = 1. 
2. Set MR1 and MRO (register 5, <D2-D1) to one of three 
binary voltage settings (00 to 10). 
3. Select a 5 bit value in register 5, <D4-D0> correspond- 
ing to a MR Head voltage setting. 
- If FLT is 0, the value is lower than the actual Vp; value. 
- If FLT is 1, the value is higher than the actual Vp; value. 
4. Repeat steps 2 and 3 to determine the value of Viy,. 
5. Apply Ohms Law (R=V/I) to calculate the resistance 
of the MR head. 


Die Temperature te ib 
Die Temperature is setting DIGON (register 8, <DO>) 
high and s wai RO (register 8, <D2-D1) to 
temper ode (11). 
e: Cc method for determining the Die Temperature 
lue is available: 


1. Set DIGON = 1. 

2. Set MR1 and MRO (register 8, <D2-D1) to the temper- 
ature setting (11). 

3. Select a 5 bit value in register 5, <D4-D0> correspond- 
ing to a die temperature setting. 

- If FLT is 0, the value is lower than the die temperature. 

- If FLT is 1, the value is higher than the die temperature. 
4. Repeat step 3 to determine the die temperature. 


Idle Mode 

In the idle mode, power dissipation is reduced. The internal 
write current generator, write current source and MR bias 
current source are deactivated while the RDN and RDP outputs 
switch to a high impedance state. The serial register contents 
remain latched and filter capacitance bias is maintained to 
reduce power-up delay. The fault indicator is not active in idle 
mode. 

Idle mode is selected by setting Mode 0 and Mode 1 to 01 
(register 9, bits <D1-D0>), see Tables 163 and 166. 


Read Mode 

In the read mode, the circuit operates as a low noise 
differential amplifier that senses resistance changes in the MR 
element which correspond to flux changes on the disk. 

Read mode is selected by setting Mode 0 and Mode 1 to 10 
(register 9, bits <D1-D0>), see Tables 163 and 166. 

In the read mode the bias generator, the input multiplexer, the 
read preamp and the read fault detection circuitry are active. 

The VM6203 uses the current-bias/voltage-sensing MR 
architecture. The magnitude of the MR bias current is referenced 
to the current flowing through an external resistor (connected 
between pin REXT and ground). The following equation governs 
the MR bias current magnitude: 
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(Kiygr X 0-387) + 8 


380 
Iver = R 


x 320+Rup (eq. 83) 


EXT 
ly represents the bias current (mA) flowing to the MR element. 


Rext represents the equivalent resistance (Q.) between the REXT pin and ground. 
kip represents the MR bias DAC setting (0 to 31). 


MR head center voltages are controlled in all modes and are 
held near ground potential. This reduces the possibility of 
damaging head-media arcing and minimizes current spikes 
during disk contacts. Selected heads are held within +500mV of 
ground and unselected heads are held at approximately - 
800mV. 


Fault Detection in Read Mode 

In the read mode, a TTL low on the FLT line indicates a fault 
condition. Fault codes, conditions and the modes in which they 
are valid are listed in Table 169. 

Specific fault conditions may be disabled by setting the Fault 
Reporting Mode, register 7, bits <D7-D4> as shown in Table 
169. The default setting is to enable all faults. 

Fault codes may be cleared by reading the vendor 
identification data stored in register 6. The following are valid 
read fault conditions: 


No Read Bias Current 
(Rexr open or shorted to 
power or ground) 


MR head voltage out-of- 


Test Mode only 
range 


Thermal asperity detected 


Read head open Test Teng 


Power supplies out-of-range 
Temperature too high 


Illegal head address 


Read Gain 

The default gain is 150 V/V with a head resistance of 60Q. 
Read Gain may be increased in 50V/V increments using a 2-digit 
binary code in register 2, bits <D1-D0> (00 = 150, 01 = 200, 10 
= 250 and 11 = 300). The formula that describes the actual gain 
is shown below: 


_ 380 x (GainSetting) 


A 
* 320+ Rup 


(eq. 84) 


GainSetting = 150, 200, 250 or 300 
Rup is the resistance (Q:) of the MR head. 

MR Bias DAC 

The 5 bits in register 2 (<D6-D2>) represent the binary 
equivalent of the DAC setting (0-31, LSB first). Two ranges of 
bias control are offered as a mask option. The AMR option has 
an MR Bias DAC range of 4 to 10 mA. The GMR option has an 
MR Bias DAC range of 2 to 5 mA. 
Fast Mode 

Taking the BIASN/FAST pin low, while BFCTL = 1 (register 1, 
bit <DO>), selects the normal read bandwidth for the specified 
head. 


QO.” 
& rite Mode 


VTC Inc., 2800 East Old Shakopee Road, Bloomington, MN 55425, 612-853-5100 


\/ 
VM6203 "Oy 


Setting the BIASN/FAST pin high selects read bandwidth with 
raised lower corner set in LFP (register 3, bits <D1-D0>). 
Thermal Asperity Detection 

Setting the TAD bit high (register 5, bit <D6>) enables thermal 
asperity detection. The TRANGE bit (register 5, bit <D7) selects 
the range, (Low or High, for the TA threshold (TAT). 

If ahead-to-disk contact occurs, the thermal asperity in the MR 
element will result in a fault condition. The Range is governed by 
the following equation and is set in register 5, bits <D4-D0>: 


Veay = TED(TED + kp) (eq. 85) 


Vrar represents the TA threshold (input-referred in mVpk). 
krar represents the TA DAC setting (0-127). 


Note that a fault condition resulting from a thermal asperity will 
remain active until a positive side hysteresis is <20% of the 
threshold. 
Fast Recovery from Thermal Asperit 

Setting the TA Compensation (TAC) bit high (register 5, bit 
<D5>) automatically initiates the Fast Recovery mode if a 
thermal asperity is detected. The low frequency corner is raised 
from a nominal value. 
Raising the low freq corner removes the low frequency 
component of sp ent and allows the preamp to reach 


its DC o ting point rapidly after a thermal asperity 
occurre 
PT detection circuitry must be enabled with the TAD 


In the write mode, the circuit operates as a write current switch, 
driving the thin-film write element of the MR head. 

Write mode is selected by setting Mode 0 and Mode 1 to 10 
(register 9, bits <D1-D0>), see Tables 163 and 166. 

The magnitude of the write current is referenced to the current 
flowing through an external resistor (connected between pin 
REXT and ground). The following equation governs the write 
current magnitude: 


(Kw x 2.58) + 20 


w (eq. 86) 


Rext 


lw represents the write current (mA flowing to the selected head). 
Rext represents the equivalent resistance (kQ.) between the REXT pin and ground. 
kw represents the write current DAC setting (0 to 31). 

The write data (PECL) signals on the WDX and WDY lines 
drive the current switch of the selected head. 
See Figure 116 for the timing diagram. 
Write Current DAC 

The 5 bits in register 4 (<D7-D3>) represent the binary 
equivalent of the DAC setting (0-31, LSB first). 
Read Bias Enabled in Write Mode 

Taking the BIASN/FAST pin low in write mode, while BFCTL = 
0 (register 1, bit <DO>), enables MR bias current to the selected 
head. The read circuitry is in its normal “read” state except that 
the outputs are disabled. Another circuit is enabled to maintain 
the common-mode voltage at the reader outputs, thereby 
substantially reducing write-to-read transition times. 
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Write Data Modes 

Setting the WVORI bit low (register 1, bit <D1>) initiates the 
Voltage Write mode. Setting the WVORI bit high initiates the 
Current Write mode. 

In voltage write mode the writer switches on PECL input 
voltage levels. In current write mode the writer switching is 
dependent on the amount of current that is sinking from the write 
data inputs. 


Fault Detection in Write Mode 

In the write mode, a TTL high on the FLT line indicates a fault 
condition. Fault codes, conditions and the modes in which they 
are valid are listed in Table 169. 

Specific fault conditions may be disabled by setting the Fault 
Reporting Mode, register 7, bits <D7-D4> as shown in Table 
169. The default setting is to enable all faults. 

Fault codes may be cleared by reading the vendor 
identification data stored in register 6. 

The following are valid write fault conditions: 


No write current 
(Rexr open or shorted to 
power or ground) 


Open or shorted write 
head 


Write data frequency too 
low 


Write current remains 
enabled 


Write current remains 
enabled 


Device in read or idle 


Write current ae 
mode 


Write eo 


Write curre 
enabled. 


Power supplies out-of- 
range 


Temperature too high emains 


Illegal head address Write current disabled 


Reader On Mode 

Setting the ROUTON bit high (register 1, bit <7>) turns on the 
1st and 2nd Stage Reader and biases the MR Head. This allows 
a drive to be read regardless of the mode (read, write or idle) of 
the preamplifier. 

If ROUTON = 0, the state of the reader is dependent on other 
registers and pins (see Table 167). 


Servo Write Mode 

In the servo write mode, two channels may be written 
simultaneously. 

Table 166 indicates how heads can be selected for individual or 
simultaneous writing. 

Setting the MODE bit (register 9, bits <D1-D0>) to “11” (along 
with appropriate levels on the R/WN pin and STW Bank and 
Head bits) places the preamp in servo write mode (see Table 
163). 


Note: It is the customer’s responsibility to make sure the ther- 


mal constraints of the die/flex/package are not exceeded. 


(This could be achieved by lowering the supply voltage, 
reducing the write current or cooling the die/flex/ 
package.) 
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Reset/Dummy Mode 

Reset or Dummy mode provides data protection and recovery 
to known register states or protection of register states should an 
error occur. The programmed mode is triggered by setting the 
DMY/RST pin low. 

When Reset mode is selected (register 9, <D2> = 0) and the 
DMY/RST pin is set low the following sequence occurs: 


22) Set all register bits to defaults. 
23) Remove write current. 
24) Select dummy head. 
When Dummy mode is selected (register 9, <D2> = 1) and the 
DMY/RST pin is set low the following sequence occurs: 
25) Retain all register bits settings. 
26) Maintain write current level. 
27) Select dummy head. 


Table 163Mode Selects 


MEAS MR1 MRO | DIGON 
MODE |CS1/CS0 5:<4-0> | 8:<2> | 8:<1> 8:<0> 
Disable 
MRHD| 1 | 1 1 1 1 0 
Measure 


MR HD 
V Ran “2! /1 o/1 O/1 1 


MODE1 |MODE0| HEAD | BANK |R/WN 
MODE |CS1/CS0 9:<D1> | 9:<DO>|10:<7-1>| 10:<DO> 
Idle in 0 0 X X xX 
Idle Ty 4 0 1 xX X X 
Read | 1] 1 1 0 X X 1 
Write | 7] 7 1 0 X X 0 
Servo 
Track 1 1 1 1 0/1 0/1 0 
Write 
MODE1 | DMY/ 
MODE |CS1\CSO 9:<D2> RST 
Reset | 7 | 1 0 0 
Dummy] 1? | 1 1 0 


1. To select the device, the bit pattern (00, 01 or 10) stored in register 0, bits <D1-DO> 
must match that on pins CSO and CS1. 
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SERIAL PORT 


Serial Interface 
The VM6203 uses a 3-line read/write serial interface for control of most chip functions including head selection, MR bias current 
magnitude and write current magnitude. See Tables 165 and 166 for a bit description. 
The serial interface has two input lines, SCLK (serial clock) and SENA (serial enable), and one bidirectional line SDIO (serial data 
input/output). The SCLK line is used as reference for clocking data into and out-of SDIO. The SENA line is used to activate the SCLK 
and SDIO lines and power-up the associated circuitry. When SENA is low only the output D-latches and the reference generators 
remain active. An internal pull-down resistor is connected to SENA to ensure power-up in a non-writing condition and to prevent 
accidental writing due to open lines. 
16 bits constitute a complete data transfer as shown in Figure 113. 
* The first 8 bits <A7-A0> are write-only and consist of: 
- one command bit <A0> (high for read, low for write), 
- two chip select bits <A2-A1> (that must match the CSO and CS1 pad logic levels in Table 165), and 
- five register address bits <A7-A3> (A7 is unused at present). 

* The second 8 bits <D7-DO> consist of data to be written-to or read-from the control registers. 


A data transfer is initiated upon the assertion of the serial enable line (SENA). Data present on the serial data input/output line (SDIO) 
will be latched-in on the rising edge of SCLK. During a write sequence this will continue for 16 cycles; on the falling edge of SENA, the 
data will be written to the addressed register. 

During a read sequence, SDIO will become active on the falling edge of the 9th cycle (delayed to allow the controller to release control 


of SDIO). At this time <DO> will be presented and data will continue to be presented on the SDIO line on subsequent falling edges of 
SCLK. 


Note: Data transfers should only take place in idle or write modes. I/O activity is not recommended in read mode and the reader output 
is disabled during data transfer. 


See Tables 165 and 166 for a bit description. See Table 165 and Figure 113 for ~*~ iming information. 


Clk 1 q A Clk 16 
Preamp | 
Address Bits v 


SDIO KRW X ai X a2 Kas XAs Kas KAG XA? —><W do X 01 X D2 X bs X d4 X 5 X D6 X D7 ) 
* 


“~~ See the note below regarding Read mode. 


SCLK 


ister Address Bits | Data Bits | 


SENA 


For a read operation, the clock rate must be reduced between the <A7> bit and the <D0> bit to provide sufficient time for the 
controller to tristate its output (release control of SDIO), and the VM6203 to untristate (activate control of SDIO). The clock rate 
need not be reduced during a write operation. 


Figure 113 Serial Port Protocol 
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Table 164Serial Interface Parameters 


DESCRIPTION 
Serial Clock (SCLK) rate, write 
SENA to SCLK delay 
SDIO setup time, write 
SDIO delay time, read 
SDIO hold time 
SCLK cycle time 
SCLK high time 
SCLK low time 
SENA hold time 
Time between I/O operations 
Time from controller releasing SDIO 
(tristate) to SCLK falling edge 
Time to activate SDIO 
Duration of SerEna (read) 
Duration of SerEna (write) 
SDIO output high voltage 


SYMBOL 


Note: SENA assertion level is high. 


Tec ' Tekl 
SCLK 

: »™ re) : 
SDIO Rwb Al Az --—- a, Ge, D7: 


: >= 
de Ta \° 


SENA 


<> <_- > s+ 

'Tdh: ' Tact: . Trds 
SCLK Li ; \. 

ae <> 

ae  Ttric | : ny 
SDIO (as XAG OX AZ XK —< XO Xt SCX iC”) 
SENA — i 


Figure 115 Serial Port Timing - Tristate Control during Read Operation 
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Serial Registers 
8-bit registers are accessible for read/write operations via the serial interface. Table 165 lists the serial address for each 
register.Table 166 lists the data contents of the registers. A description of the individual bits is provided. 
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Table 165: Serial Interface Addressing 


; Register Pream, . 

Register # Prine Bits Address Bile RM DK 
<A7> | <A6>| <A5>| <A4>| <A3> | <A2> | <Al> <A0> 

0 1 0 0 0 0 csi | cso 1/0 

1 f 0 0 0 1 cs1 | cso 1/0 

2 i 0 0 1 0 csi | cso 1/0 

3 1 0 0 1 1 cs1 | cso 

4 0 1 0 0 CS1 

5 1 0 1 0 1 Csi 

6 1 0 1 1 0 CS1 

7 1 0 1 1 1 CSI 

8 1 0 0 0 CS1 

9 1 1 0 0 1 Csi 

10 i 1 0 1 0 CS1 


1. Reserved 


Table 166Serial Interface Bit Map 


; 3 Bits 

punciicn Register # <D7> <D6> 4> <D3> <D2> <D1> <D0> 

Chip/Head Select 0 HS3 HS HSO 1 1 LSC1 LSCO 
Bias/Fast Select 1 ROUTON eh 1 a : WVORI | BFCTL 
IMR/Gain Select 2 DUMM IMR3 IMR2 IMR1 IMRO. | GAIN? | GAINO 

Bandwidth Select 3 : 1 1 HFP LFP1 LFPO 

Write Current Select 4 Iw3 Iw2 IWw1 Iwo : 1 1 

Thermal Asperity 5 TRANGE| TAD TAC TAT4 TAT3 TAT2 TATI TATO 
Vendor ID 6 VEND7 | VEND6 | VEND5 | VEND4 | VEND3 | VEND2 | VEND1 | VENDO 
Fault Reporting 7 FLT3 FLT2 FLT1 FLTO |FCODE3|]FCODE2| FCODE1 | FCODEO 
MR/Temp Select 8 L 1 q A fl MR1 MRO | DIGON 
Mode Select 9 1 q q Ml i DMY/RST| MODE1 | MODEO 

Servo Select 10 HD12/13 | HD10/11] HD8/9 | HD6/7 | HD4/5 | HD2/3 | HDO/1 | BANK 


1. Reserved 
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Table 167Serial Register Data Bit Descriptions 
Register ji Function Description 


Chip Select Logic For the device to be selected, bit settings must match the logic level of 
the CSO and CS1 pins as shown in Table 165. 


Reserved 


SdINVAud 
YIN 


Head Select Binary Address of selected head. 


Bias/Fast Control 0 = MR Bias Current On/Off, depending on logic level of BAASN/FAST 
pin. 
- BIASN/FAST pin low: MR Head Bias Current On. 
- BIASN/FAST pin high: MR Head Bias Current Off. 
1 = Fast Response Mode, depending on logic level of BIASN/FAST pin. 
- BIASN/FAST pin low: Normal Response. 
- BIASN/FAST pin high: Fast Response, with raised lower corner 
frequency. 
Note: Bias current is always on when BFCTL = 1. 
Note: Fast mode is off when BFCTL = 0. 


Write Data Control 0 = Voltage Write Mode selected. 
1 = Current Write Mode selected. 
Polarity of Current Mode is: 

- Positive - pin with no eae flow, 


- Negative - pin with curre wing. 
Reserved 
Reader ON Control ROUTON | 0 = Off 


1=On 
Reader solos rces eader to be biased and reader outputs on during 
all tion (write and read), but does not specify write current 


ring “oo ae 
Gain Control G ey selection of Reader Gain: 
= 150 V/V 


01 = 200 V/V 
10 = 250 V/V 
11 = 300 V/V 


Reader Bias Control Binary selection of Reader Bias Current: 

AMR mode = 5 to 10 mA in 0.1935 mA increments. 
GMR Mode = 2 to 5 mA in 0.0967 mA increments. 
Note: AMR or GMR is a mask option. 


Internal Dummy Reader 0 = selected. 
1 = not selected. 


Low Frequency Bandwidth Binary selection of Low Frequency Bandwidth in Fast Mode: 

00 = 2.5 MHz 

01 = 5.0 MHz 

10 = 7.5 MHz 

11 = 10.0 MHz 

Note: Fast Response Mode selected in Register 1, bit 0 = 1 and BIASN/ 
FAST pin = high. 


High Frequency Binary selection of High Frequency Bandwidth: 
Bandwidth 0 = 150 MHz 
1 = 205 MHz 
Note: Normal Response Mode selected in Register 1, bit0 = 1 and 
BIASN/FAST pin = low. 


Reserved 


Reserved 


Write Current Binary selection of Write Current: 
10 mA (00000) to 50 mA (11111) in 1.290 mA increments. 
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Table 167Serial Register Data Bit Descriptions 

Register ji Function Description 

Thermal Asperity Binary selection of Thermal Asperity Detection characteristics: 
Detection Threshold Low TA Range = 0.4 mV (00000) to 6.0 mV (11111) in 0.180 mV incre- 
ments. 
High TA Range = 3.4 mV (00000) to 9.0 mV (11111) in 0.180 mV incre- 
ments. 
Note: TA Range is selected in Register 5, bit 7. 


MR 
PREAMPS 


Thermal Asperity TAC 0 = No Automatic TA Compensation selected. 
Compensation 1 = Automatic TA Compensation selected. 


Thermal Asperity TAD 0 = TA Detection and Compensation not selected. 
Detection 1 = TA Detection and Compensation selected. 


Thermal Asperity Range | TRANGE | 0 = Low TA Range (0.4 mV to 6.0 mV) 
Shift 1 = High TA Range (3.4 mV to 9.0 mV) 


Vendor Code VENDn | Binary Vendor Code (010 = VTC) MSB to LSB 
Part ID Binary Part Identification (00 = VM620310) MSB to LSB 


Revision of Part Binary Revision Count: 
Revision 1 (000) to Revision 8 (111) 
Note: Revision count restarts at 1 (000) after exceeding 8 (111). 


Fault Code FCODEn | See Table 169. 
Fault Reporting Mode FLTn | Selects which of 4 Fault 3 to FLTO) to report according to the 
matrix: 
0 = Enable Faul 
A= a Faul 
Lar Il Faults 


sable Open and Shorted Write Head 
'@) Faults 


Disable Voltage Faults 


Disable MR Head Overvoltage and 
Open MR Head Faults 


Disable Temperature Fault 


Disable All Faults 
Note: FLT line is disabled, but codes 
are still available on serial interface. 


Disk Polling with FLT pin 0 = Disable MR Head Measurement/Temperature Mode 

1 = Enable MR Head Measurement/Temperature Mode 

Note: Range of MR Head Measurement is selected in Register 8, bits 1 
and 2. 


MR Head Temperature Binary selection for Range of MR Head Measurements: 
Range Note: MR Head Measurement Mode (DIGON) is selected in Register 8, 
bit 0. 


MR1 
<D2> 


Disabled xX 
200 to 400 mV 0 
375 to 575 mV 0 
1 
1 


MR Head Measurement Range (V_) 


550 to 750 mV 
Temperature Mode 


Reserved 
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Table 167Serial Register Data Bit Descriptions 
Register Function Description 


Device Mode Binary selection of the Operating Mode for the device: 

00 = Idle (Sleep) Mode 

01 = Idle (Standby) Mode 

10 = Read or Write Mode 

11 = Servo Track Write (STW) Mode 

Note: Active Heads for Servo Track Write are set in Register 10. 


Reset/Dummy DMY/RST| 0 = Selects Reset Mode for DMY/RST pin. 
- DMY/RST pin low: Reset Mode sequences is: 
1. Set all register bits to defaults (see Table 168). 
2. Remove Write Current. 
3. Select Dummy Head. 
- DMY/RST pin high: TBD. 
1 = Selects Dummy Mode for DMY/RST pin. 
- DMY/RST pin low: Dummy Mode sequences is: 
1. Retain all register bit settings. 
2. Maintain Write Current level. 
3. Select Dummy Head. 
- DMY/RST pin high: TBD. 
Note: DMY/RST pin defaults low due to internal pull-down resistor. 


SdINVAud 
YIN 


Reserved 


STW Head Bank 0 = Selects Even-numbere to be written as a servo track. 
1 = Selects Odd-num e be written as a servo track. 


Note: Register 1 s1 define which Head pairs to STW. 
STW Head Select Binary selection ead pairs to be servo track written. 

Note: ste 10 0 defines whether to select the odd or even-num- 
vr es 


00001010 = Servo Bank Write Head 0 and 4: 
Bit 0 = 0 selects Even-numbered heads 
- Bit 1=1 selects Head 0 (from the HDO/1 pair) 
- Bit3=1 selects Head 4 (from the HD4/5 pair) 
2. 00001011 = Servo Bank Write Head 1 and 5: 
- Bit 0 = 0 selects Odd-numbered heads 
- Bit 1=1 selects Head 1 (from the HDO/1 pair) 
- Bit3=1 selects Head 5 (from the HD4/5 pair) 
Note: A maximum of 2 heads can be servo track written at one time. 


Table 168Power-on Reset Register Values 


: : Power-on Reset Value 

Function Register Number <D7-D0> 
Chip/Head Select 0 <0000 0000> 
Bias/Fast/Write Select 1 <0000 0000> 
Reader Select 2 <0000 0000> 
Bandwidth Select 3 <0000 0000> 
Write Current Select 4 <0000 0000> 
Thermal Asperity 5 <0000 0000> 
Vendor ID 6 <0000 0000> 
Fault Reporting 7 <0000 0000> 
Mode Select 8 <0000 0000> 
Servo Select 9 <0000 0000> 
Reserved 10 <0000 0000> 
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Table 169Fault Conditions and Codes 


Fault Code 


7-<D3-D0> Mode Fault Condition 
0000 Read or Write No Fault 
0001 - Reserved 

MR Head Voltage to High / 

0010 Read Read ae ona 9 Test Mode 
0011 Read Thermal Asperity Detected 
0100 - Reserved 
0101 Write No Write Current lyw<1mA 
0110 Write WDI Frequency Low Fwor < 2 MHz 
0111 Write Write Head Open 
1000 Write Write Head Shorted to GND 
1001 Read or Write REXT Open or Shorted 
1010 - Reserved 
1011 Read or Write Low Vpp Vpp < +3.9 V typical 
1100 Read or Write Low Veg Vee < -3.9 V typical 
1101 Read or Write Illegal Head Select 
1110 - Reserved 
1111 Read or Write Overtemperature 


0 
9? 
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PIN FUNCTION LIST AND DESCRIPTION 


Input/ 


Signal Output 1 


Description 
Chip Select: 


G20, (GS Serial Address, bits 0 and 1 select the chip. See Table 165 for bit selections. 


uv 
a) 
fe 
20 
U 
n 


Reset/Dummy Select: 
DMY/RST Resets preamp to default conditions or enables dummy reader load. 
Serial Register 9, bit 2 selects the pin function. See Table 167 for bit selections. 


R/WN 12 Read/Write: 

A TTL low level enables write mode. Pin defaults high (read mode). 
Bias/Fast Enable: 

BIASN/FAST Pin defaults high (bias disabled/fast response). 
Note that the Bias/Fast Control bit (register 1, bit <DO>) sets the function of the pin, see Table 
167. 
Write/Read Fault: 

ELT 02 A TTL high level indicates a fault in write mode. 


A TTL low level indicates a fault in read mode. 
Internal 100kQ pullup resistor defaults pin high. 


Differential Pseudo 

2 

MIB WEY ECL write data inputs. ae 
HROP-HR11P | MR head connections, positive end. A 
HRON-HR11N | A, 


- MR head connections, negati 
HWOX-HW11X O Thin-Film write head c mtn end. 
HWOY-HW11Y O Thin-Film vice ions, negative end 
Read D 
2 
GDR RON 2 Read DoS signal outputs. 

VEE 7 -5.0V supply 

VCC 7 +5.0V supply 

GND 2 Ground 

VEEA e Analog -5.0V supply 

VCCA = Analog +5.0V supply 

GNDA 7 Analog Ground 

REXT O Reference Voltage pin for both MR bias current and write current. 
Serial Clock: 

SCLK 12 Serial port clock; see Figure 113. 
Internal pulldown resistor defaults pin low. 
Serial Data: 

SDIO 10 2 Serial port data; see Figure 113. 
Internal pulldown resistor defaults pin low. 
Serial Enable: 

SENA 12 Serial port enable; see Figure 113. 


Internal pulldown resistor defaults pin low. 


1. 1 = Input pin, O = Output 
2. When more than one device is used, these signals can be wire-OR’ed together. 
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TYPICAL CONNECTION DIAGRAM 


HWnx 2.0ka 2 
alee REXT|__,_ c= 
=o 
GND ne 
1 oa 
— HRnP 
a” HRnN 
+5V 
| GND 7 
vec | __4 
FLT |p| 
5kQ 
+5V 
vec 
RDX|__} 
7ON. T Read 
= < Output 
|__| Vee RDY|—| | 


Note: The structure placements in the diagram are not meant Co pad locations. The connections shown will apply regard- 


less of pin/pad location variation. & 
Application Notes: \-4 
* Power supplies have been somately Ao rite functionality to reduce noise coupling. 


If separate supplies are not available, recommends that the supply lines be connected externally some distance from the 
preamp. 


Data transfers should only take place in idle or write modes. I/O activity is not recommended in read mode and will result in reader 
performance degradation. 


VTC recommends placing decoupling 0.1 uF and 0.01 uF capacitors in parallel between the following pins: 
VCC - GND 


VEE - GND 
VCCA - GNDA 
VEEA - GNDA 


For maximum stability, place the decoupling capacitors and the Rex; resistor as close to the pins/pads as possible. 
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STATIC (DC) CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. Iya= 8 mA, ly = 40 mA. 


PARAMETER CONDITIONS 


Read Mode, IMR = 7.9 mA 


a) 
a) 
fe 
20 
U 
n 


Write Mode, IWR = 40 mA b-p 


VCC Power Supply Current 


Write Mode, Reader Biased 


Idle Mode 


Read Mode, IMR = 7.9 mA 


Write Mode, IWR = 40 mA b-p 
Vee Power Supply Current 


Write Mode, Reader Biased 


Idle Mode 


Read Mode, Voc = 5 MV, Vee= -5 mV 


Write Mode, Vcc = 5 mV, Veg = -5 mV 


Power Supply Dissipation Write Mode, Reader Biased, 
Voo = 5 mV, Veg = -5 mV S$ 
Idle Mode, Vog = 5 MV, Veg = -5 “a 


Vee~ 40 


Input High Voltage 
e) 2.0 


Veo - 1.9 


Input Low Voltage 
-0.3 


Input High Current, Vi4 = 3.5V 


TTL, Vy=2.7V 


PECL 


Input Low Current, V;, = 1.65V 
TIL, V, =0.4V 


Output High current FLT: Voy = 5.0V 


VCC Fault Threshold 


Vee Fault Threshold 


High Level WDATA 
Current Mode (sink) 


Low Level WDATA 
Current Mode (sink) 


1. Input levels and currents apply for the following pins: DMY/RST, R/WN, BIASN/FAST, SCLK, SENA and SDIO. 
2. Differential Vpp swing from 0.4V to 1.5V and the common mode should be such that for any of the two states the maximum high < VCC and the minimum low > 3V. 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iya = 8mMA, Rex, = 2.0kQ, Rupr = 60Q. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 

AMR Mask Option 4 10 

MR Head Current Range I, mA 
GMR Mask Option 2 5 

MR Head Current Tolerance lve 2mMA < Iya < 10 mA, -5 +5 % 

Unselected MR Head Current 15 HA 

REXT Pin Voltage Vset 2.0 V 

laext to MR Bias Current Gain Awe 5 ae 


VIN = 1mVpp @ 10MHz, 


RL(RDP, RDN) = 1kQ, 120 150 180 VIV 
Differential Voltage Gain Ay Gain Bits = 00 
Gain Bits = 11 245 300 355 VIV 
-1dB 135 TBD 
Passband Upper Frequency Limit fur MHz 


FAST active, HFP = 1 -3dB TBD 


aap fee ”~ 1.0 1.3 2.0 MHz 


Passband Lower Frequency Limit 
FAST inactiv \Y% -1dB 0.75 1 2.0 
Passband Lower Frequency Limit Cir o.: MHz 
11 


FAST active -3dB 7.5 10 12.5 
: nv/ 
Input Noise Voltage Cn z<f< 200 MHz 0.55 0.65 He 
. : Oo pA/ 
Input Noise Bias Current in 1 MHz <f < 200 MHz 10 14 ae 
1 MHz <f < 10 MHz 6 dB 
Noise Peaking 
10 MHz < f < 200 MHz 3 dB 
Differential Input Capacitance Cin Normal Mode 6 10 pF 
Differential Inout Resistance Rin Normal Mode 320 Ww 


AC input V where Ay falls to 90% 
Dynamic Range DR of its value at 3 MV pp 
Vin = 1mV,, @ f = 5 MHz 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iya = 8mMA, Rex; = 2.0kQ, Rupr = 60Q. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
a) 
m = Total Harmonic Distortion THD 0.5 % 
= Bs] 
a Common Mode Vom = 100 mVpp, 
7) cM 
Rejection Ratio CMB 1 MHz <f < 100 MHz = de 


100mV,, on VCC or VEE, 


1 MHz <f < 50 MHz _ de 


Power Supply PSRR 
Rejection lave 100mV,, on VGC or VEE, 


50 MHz << 100 MHz - dB 


Unselected Channels: 
Channel Separation cS Vin= 1MV,p, 50 dB 
1 MHz <f < 100 MHz 


100 mV,, on pins, 


Rejection of SCK and SDAT 1 MHz ef < 100 MHz 40 dB 
Output Offset Voltage Vos -100 100 mV 
Common Mode Output Voltage Voom VCC -3.2 | VCC -2.9 | VCC -2.6 V 
ae CinpOtvelage AVoom | Voow(READ) - Voow wong 50 mV 
Single-Ended Output Resistance Rseo Read Mode 50 Ww 
Output Current ies AC oes RDN 4 mA 
MR Head Potential, Selected 


tee Vue e2 500 500 mV 


a Potential, Unselected ie) 1.0 08 Vv 
MR Bias Current Overshoot 0 % 
TA Detection Response Time TA occurred to FLT active TBD nS 
Group Delay Variation (20 - 3 dB cutoff) MHz 0.5 ns 
BHV input referred Vos VoSgyy -4 4 mV 
BHV output referred 1.96 2.0 2.04 V 
Ive” Rur 100 700 mV 
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WRITE CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: ly = 40mA b-p, Ly = 100nH, Ry = 109, fpat, = SMHz. 


PARAMETER CONDITIONS 


a) 
= 
o 
= 
=u 
a 
a 


Rexr Pin Voltage 


Write Current Range 


Write Current Tolerance 10 <lw<50 mA 


Differential Head 
Voltage Swing 


Open Head 


Unselected Head 


Transition Current lw=30mA b-p 


Differential Output Capacitance 


Differential Output Resistance Active Damping Resistance 


Write Data Frequency for Safe 


Condition at NOM 


Write Data Frequency for Fault 
Inhibit 
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SWITCHING CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: ly = 40mA b-p, Ly = 100nH, Ry = 109, fpat, = SMHz. 


2 PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
m 
25 Serial Clock Rate Pick 30 MHz 
U0 
” R/WN to Write Mode trw To 90% of write current 50 ns 
To 90% of envelope; 
a ‘WR | DC offset level within 10 mV. oe ve 
Power Up to Read Mode t To 90% of envelope; 5 é 
(SENA falling edge) cs DC offset level with nominal V ’ 
To 90% of envelope, 
DC Offset Level within 10 mV, 1 ps 
HS0-3 to Any Head ie Fixed lua 
(SENA falling edge) To 90% of envelope, 
DC Offset Level within 10 mV, 3 jes) 
Variable Ive) 
Safe to Unsafe ! tot 50% WDX to 50% FLT 0.6 3.6 us 
Unsafe to Sate | too | 50% WDX to 50% FLT cA 1 us 
Head Current ee 
Propagation Delay ! tp3 From 50% points es 10 ns 
Write Data has 50% duty 
Asymmetry Asym dng riseyfall ere 0.1 ns 
: ‘ 10% mA b-p, 
Rise/Fall Time t, / ts seer 30. 1.5 ns 
. 0 mA b-p, 3 
Write Current Overshoot wee) L,=<60nH, R,,=130. TBD %o 


= 


. See Figure 116 for the write mode timing diagram. 


wox-woy f \ / \_/ \ 7 


Tine toi 
FL = 
—P ~<A. 
tos 
HWnxX - HWnY Y 7 ae ae 
(Iw) 


In voltage mode: 
When WDX > WDY current will flow from HWnX to HWnY. 
When WDY > WDX current will flow from HWnY to HWnX. 
In current mode: 
When sinking current from WDY current will flow from HWnX to HWnY. 
When sinking current from WDX current will flow from HWnY to HWnX. 


Figure 116 Write Mode Timing Diagram 
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10-CHANNEL BUMP COORDINATES 
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Specific Characteristics 
Die size: 244 x 174 Mils 
Pad Coordinates for the VM6203 (in Mils) are “bump down.” 


Pin Name X Axis Y Axis Pad Size 
Pin Name | _X Axis YAxis | Pad Size Eines apn OEH aeons 4x4 
GSO 744i S440. Fa HWw2Y -101.689 48.634 4x4 
CSt 117.441 “46.402 Asa HW3X -49.110 66.571 4x4 
DMY/RST | 117.441 -38.402 4xd nee aA al ae 
BIASN/ HW4X -25.110 66.571 4x4 
FAST eee 46.402 4x4 Hway “33.110 66.571 4x4 
FLT 44.220 -82.283 4x4 HW5X 25.110 66.571 4x4 
53.547 -82.283 HW5Y 33.110 66.571 4x4 
GND 4x12 
61.547 -82.283 HW6X 49.110 66.571 4x4 
-117.441 -62.575 HW6Y 41.110 66.571 4x4 
GND 4x12 
-117.441 -70.575 HW7X 1 56.634 4x4 
GNDA -3.531 -82.283 4x4 HW7 aL 9 48.634 4x4 
GNDA -35.417 -82.283 4x4 H 01.689 32.634 4x4 
-62.087 -82.2 8 101.689 40.634 4x4 
GNDA = 4x12 Uy 
-70.087 -82.283 9X 101.689 -7.366 4x4 
HRON -101.689 8.634 4x4 HW9Y 101.689 -15.366 4x4 
HROP -101.689 0.634 NC -117.441 -38.402 4x4 
HRiN -101.689 16.634 RDN -15.429 -82.283 4x4 
HR1P -101.689 24.634 4x4 RDP -23.520 -82.283 4x4 
HR2N -101.689 72.634 4x4 R/WN 14.559 -82.280 4x4 
HR2P -101.689 64.634 4x4 REXT -44.795 -82.283 4x4 
HR3N -65.110 66.571 4x4 SCLK 117.441 -66.575 4x4 
HR3P -57.110 66.571 4x4 SDIO 117.441 -54.402 4x4 
HR4N -9.110 66.571 4x4 SENA 117.441 -75.961 4x4 
Z 69.547 -82.283 
HR4P 17.110 66.571 4x4 VCC 14d 
HR5N 9.110 66.571 4x4 77.547 -82.283 
-78.087 -82.283 
HR5P 17.110 66.571 4x4 VCCA ee 
HR6N 65.110 66.571 4x4 -86.087 -82.283 
85.547 -82.283 
HR6P 57.110 66.571 4x4 VEE ian 
HR7N 101.689 72.634 4x4 93.547 -82.283 
-94.087 -82.283 
HR7P 101.689 64.634 4x4 VEEA aan 
HR8N 101.689 16.634 4x4 -102.087 -82.283 
HR8P 101.689 24.634 4x4 WDX 35.484 -82.283 4x4 
HRON 101.689 8.634 4x4 WDY 27.394 -82.283 4x4 
HR9P 101.689 0.634 4x4 
HWOX -101.689 -7.366 4x4 
HWOY -101.689 -15.366 4x4 
HW1X -101.689 32.634 4x4 
HW1Y -101.689 40.634 4x4 
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10-CHANNEL BOND COORDINATES 
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Specific Characteristics 
Die size: 244 x 174 Mils 
Bond Coordinates for the VM6203 (in Mils). 


Pin Name X Axis Y Axis Pad Size 
Pin Name X Axis Y Axis Pad Size ney ee icc i 
cso 117.441 54.402 4x4 aluecs eet seal a 
Csi 117.441 -46.402 4x4 dtead heise aie stad 
DMY/RST -117.441 -38.402 4x4 debs als sicrcil asia 
SASN HW5Y -33.110 66.571 4x4 
racy | 7117441 | -46.402 xa HWex 49.110 | 66571 axa 
aT Te paG ETT a HWe6yY -41.110 66.571 4x4 
GND ae "BD 589 Basi HW7X -101.689 56.634 4x4 
GND 717 aa BESTS waist HW7Y “101.689 48.634 4x4 
GNDA 3.531 -82.283 4x4 HW8X “101,89 32.694 sad 
GNDA 35.417 “82.283 4x4 HWY : 20.634 ~~ 
GNDA 66.087 “82.283 4x12" _ 1 OmEe ass sui 
HRON 101.689 8.634 4x4 H Swen “alee an 
HROP 101.689 0.634 4x4 LU cad, “S8AU2 ate 
HRIN 101.689 16.634 4x4 @) N eines “82.283 ae 
HRP 101.689 24.634 4 Ae oie "82.283 “a 
eon 7a6e5 anal gs R/WN “14.559 -82.280 4x4 
Ror TRE aed y REXT 44.795 “82.283 4x4 
aaah CRE aL @ | ae SCLK “117.441 66.575 4x4 
HASP 57.410 66571 aa SDIO 417.441 54.402 4x4 
AEA CEE Beer ia SENA 417.441 75.961 4x4 
HR4P 17.110 66.571 4x4 ‘Ce Bisccea “aeeus 4x12! 
HREN a0 near a VCCA 82.087 “82,283 4x12! 
HR5P 17.110 66.571 4x4 VEE “69.547 “62.285 4x12! 
eer aeaad oe EA VEEA 98.087 “82,283 4x12" 
HR6P 57.110 66.571 4x4 ae ore Bea basa 
HR7N 101.689 72.634 4x4 WDY acd “82.283 a 
HR7P -101.689 64.634 4x4 1. Double wide pad (4 x 12) coordinates are to the center of the pad 
HR8N “101.689 16.634 4x4 
HR8P “101.689 24.634 4x4 
HRON “101.689 8.634 4x4 
HROP “101.689 0.634 4x4 
HWO0x 101.689 "7.366 4x4 
HWOY 101.689 “15.366 4x4 
HW1X 101.689 32.634 4x4 
HW1Y 101.689 40.634 4x4 
HW2X 101.689 56.634 4x4 
Hw2y 101.689 48.634 4x4 
HW3X 49.110 66.571 4x4 
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VM6204 Series 


PROGRAMMABLE, 5-VOLT, 
MAGNETO-RESISTIVE HEAD, 
READ/WRITE PREAMPLIFIER 
with SERVO WRITE 


a 
= 


FEATURES 


* General 
- Transfer Rates in Excess of 350 Mbits/sec 
- Requires Only One External Component (Rex) 
- Designed for Use With Four-Terminal MR Heads 
- 2-Line Serial Interface 
(Provides Programmable Bias Current, Write Current, Gain 
and Head Selection) 
- Die Temperature Monitor Capability 
- Operates from +5 and -5 Volt Power Supplies 
- Upto 12 Channels Available 
- Fault Detect Capability 
. mae Performance Reader 
Current Bias / Voltage Sense Configuration 
- MR Bias Current 5-bit DAC, 5 - 12 mA Range 
- Programmable Read Voltage Gain 
(220 V/V or 300 V/V Typical) 
- Buffered Head Voltage Output 
- Input Noise = 0.55 nV/VHz Typical 
- Input Capacitance = 6 pF Typical 
- Head Inductance Range = 10 nH - 150 nH 
- Bandwidths in Excess of 310 MHz 
« High Speed Writer 
- Write Current 5-bit DAC, 20 - 60 mA Range 
- Rise Time < 1.0 ns Typical 
(20-80%, Liota) = 100 NH, ly = 40 mA) 


DESCRIPTION 

The VM6204 is an integrated bipolar programmable read/write 
preamplifier designed for use in high-performance hard disk 
drive applications using 4-terminal magneto-resistive (MR) 
recording heads. The VM6204 contains a thin-film head writer, 
an MR reader, and associated fault circuitry. 

Compensation capacitors previously required as external 
components have been integrated into the VM6204. As a result, 
only one external component (Rext) is required. This advanced 
design greatly simplifies flex layouts. 

Programmability of the VM6204 is achieved through a 2-line 
serial interface. Programmable parameters include MR bias 
current, write current, gain and head selection. 

Fault protection circuitry disables the write current generator 
upon critical fault detection. This protects the disk from potential 
data loss. For added data protection, the IDLEOVR bit (register 
1:bit <D1>) initializes to 1 (idle mode) and an internal pull-up 
resistor is connected to the R/WN line to prevent accidental 
writing due to an open line. 

The VM6204 operates from +5V, -5V power supplies. Low 
power dissipation is achieved through the use of high-speed 
bipolar processing and innovative circuit design techniques. 
When deselected, the device enters an idle mode which reduces 
the power dissipation. 

The VM6204 is available in die form for chip-on-flex 
applications or a 80-pin TQFP. Please consult VTC for details. 
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BLOCK DIAGRAM 


GND VEE VCC GNDA VEEA_ VCCA 
le’ le’ CO CO CO oO 
a as as bal YY VY 
WDX (y (-) HWOX 
WDY ¢ L—{_) HWOY 
HK——C) HW1X 
Write 
Current 5 t—Q) HW1Y 
Source = Q. 
e to: 
iz : 
£ -—O 
< 
REXT QI = -— Hwtox 
MR Bias Current 1) HW10Y 
CSN O Write Current CO) AWIAX 
L——() HW11Y 
Gain A 
SCLK Q—+ 
SDIO CQ 
Control 
Fault CO FLT 
Head Select A 
R/IWN (4 
TEMP (+ 
UCSN O44 
Serial Controller 


HROP © Y © RDY 
HRON Q—— O RDN 


-——O BHV 


MR Reader 


HR10P (}—+ 
MR 
HR10N ©€}——4 
Controller 
HR11P G——J 
HR11N Q—— 
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ABSOLUTE MAXIMUM RATINGS 


Power Supply: 


V cits sacheuesnenancataxtacted undessntencsebednekusarhinansesnteaes +0.3V to -6V 
V Giger J vidtinnmeeuvenedtnieabeweice eetasindtentitnantademndtes siieannehs -0.3V to +7V 
Read Bias Current, Iya ...-ee eee ce eee eee eee eee eee eee ea eee een ee eee en ee 18mA 
Write Current, ly ......-.:.:eceeceeeeeceeeee eee eeee eee ceeaeeeseeaeaeeees 90mA 


Input Voltages: 
Digital Input Voltage, Vin -0.3V to (Vcc + 0.3)V 
Head Port Voltage, Vi, -0.3V to (Vcc + 0.3)V 

Junction Temperature, Ty «1.0.0.0... ccc ee eee eee eee eee eee ee eens 150°C 

Storage Temperature, Tig ......::eeceeeceeeeeeeeeeeeeeeees 


RECOMMENDED OPERATING CONDITIONS 


Power Supply Voltage: 


Vee sais narrciesie aces wastesasaateans gcse geacee sinnie te auereeadunam sane eaniana -5V+ 10% 

ViGGi> Anedastabeicedsanedene stesaedatasurensaateaaatneinactheaaatauas +5V + 10% 
Write: Current, Wyescceasctsaaacissevaueascesaiivasisnewsadisdeanaieneas 20 -60 mA 
Write Head Inductance, Ly .. 10-100 nH 
Write Head Resistance, Ry ...........::::ceeeeeeeeeeeeee teens 10-30 
Read Bias Current, Iyq ...-..:seceeeseeeceeesensceeeeseeceeseeens 5-12mA 
Read Head Inductance, Lyp ........eeeeeeeeeeeee eee eeee eee 10 - 150 nH 


Read Head Resistance, Ryp........-..- 25 - 45 Q (Imr*Rmr<600mvV) 
Junction Temperature, Ty ............: cece eeeeee eee ee eee 0°C to 125°C 


SERIAL INTERFACE CONTROLLER 

The VM6204 uses a 2-line read/write serial interface for control 
of most chip functions including head selection, MR bias current 
magnitude and write current magnitude. 

See “SERIAL INTERFACE” on page 395 for protocol 
descriptions, bit and fault descriptions, and timing information. 


Preamplifier Configuration and Selection 

The VM6204 was designed for a single or multiple preamp 
configuration. All control lines may be shared (including the two 
serial lines SCLK and SDIO). 

Pin UCSN determines the preamplifier’s upper/lower status in 
a dual preamp configuration. Pin UCSN floats high if left open, 
and the preamp assumes the “lower preamp” designation. If pin 
UCSN is tied to ground, the preamp will assume the “upper 
preamp” designation. 

The UPCHP bit (0:<D4>) defines which preamp in a dual 
preamp configuration was read via the serial interface. A high 
indicates the upper preamp was read, a low indicates the lower 
preamp. Serial write operations are performed on both preamps 
in a dual preamp configuration. The UPCHP bit does not effect 
servo write operations to multiple channels using the DUALW 
function (1:<D3>). 

The PWREN bit (1:<D4>) places the inactive (unselected) 
preamp in either Standby or Idle mode. 

The DUALW bit (1:<D3>) invokes a special mode where both 
preamps respond to the lower preamp address field. This Dual 
Write mode reduces servo write time in a dual preamp 
configuration. 

See Tables 170 and 171 for Mode Select information. 
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MODES OF OPERATION 


Idle Mode 
In the idle mode, power dissipation is reduced to a minimum. 
All circuitry is powered-down except the mode control circuitry 
and the serial registers (the contents of which remain latched). 
Idle mode is selected by taking the CSN pin high. 
Note: Setting the IDLEOVR bit high (1:<D1>) forces Idle mode, 


regardless of the state of the CSN pin. 


Read Mode 

In the read mode, the circuit operates as a low noise 
differential amplifier which senses resistance changes in the MR 
element which correspond to flux changes on the disk. 

In the read mode the bias generator, the input multiplexer, the 


read preamp and the read fault detection circuitry are active. 
The VM6204 uses the current-bias/voltage-sensing MR 


architecture. The magnitude of the MR bias current is referenced 
to the current flowing through an external 2.67kQ resistor 
(connected between pin REXT and ground). The following 
equation governs the MR bias current magnitude: 


(Ky nq Rx0.602) + 13.34 


IMR 7 A (eq. 87) 


x 385 | 
Rup + 340 
Ip represents the bias current flowing to the MR element (in mA). 
Rext represents the equivalent resistance between the REXT pin and ground (in kQ). 
kip represents the MR bias DAC setting (0 to 31). 


ext 


MR head center voltages are controlled in all modes and are 
held near ground potential. This reduces the possibility of 
damaging head-media arcing and minimizes current spikes 
during disk contacts. Selected heads are held within +300mV of 
ground and unselected heads are held at approximately -800mV. 
Read Gain 

The gain is nominally 220 V/V with a head resistance of 45Q. 
The formula that describes the actual gain is shown below: 


385 


AV = 340+ Awa 


x220 (eq. 88) 

Note: Setting the GAIN bit high (3:<D5>) selects a nominal gain 
of 300 V/V. 

MR Bias Enable 

Setting the BIASOVR bit (1:<D2>) high activates bias current. 
MR Bias DAC 

The 5 bits in register 3 (<D4-D0>) represent the binary 
equivalent of the DAC setting (0-31, LSB first). 

BHV (Buffered Head Voltage) 

Setting the BHVOE bit high (1:<D5>) enables the output of the 
(Ima<Rua)x5 product of the selected head at the BHV pin. This 
output is single-ended with respect to ground. When bit BHVOE 
is reset, the output pin BHV enters a low-impedance (low-Z) 
state to minimize noise coupling. 

Note: The reader outputs are disabled. 
Fast Read Mode 

Setting the FAST bit high (1:<DO>) increases the high-pass 
corner frequency of the amplifier’s bandpass from a value of 300 
kHz to 2.0MHz nominal. 
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Fault Detection 

In the read mode, a TTL low on the FLT line indicates a fault 
condition. The fault condition can be triggered by any of the 
following conditions: 

« Low power supply voltage 

* Invalid head select code 

* Device in write mode 


Read Inactive Mode 
Taking the BIASOVR bit low in Read mode or selecting an 
invalid head (setting both the HS3 and HS2 bits high; 0, bits 
<D3-D2>) invokes a “Read Inactive” mode where bias current is 
diverted internally to a dummy head and the FLT pin goes low. 
The chip drives the RDP/RDN outputs to normal levels and its 
power consumption is unaffected. 


Write Mode 

In the write mode, the circuit operates as a write current switch, 
driving the thin-film write element of the MR head. 

The magnitude of the write current is referenced to the current 
flowing through an external 2.67kQ resistor (connected between 
pin REXT and ground). The following equation governs the write 
current magnitude: 


Ry (eq. 89) 
1 +. R. 
D 


(kwx3.44) + 53.347, 1 


ext 


lw represents the write current flowing to the selected head (in mA). 
Rext represents the equivalent resistance between the REXT pin and ground (in kQ). 
Ry represents the series head resistance (in kQ). 
Rp represents the damping resistance (in kQ). 
kiw represents the write current DAC setting (0 to 31). 


The write data (PECL) signals on the WDX and WDY lines 
drive the current switch of the selected head. 
See Figure 119 for the timing diagram. 


Write Current DAC 
The 5 bits in register 2 (<D4-D0>) represent the binary 
equivalent of the DAC setting (0-31, LSB first). 


Read Bias Enabled in Write Mode 

Setting the BIASOVR bit high (1:<D2>) in write mode enables 
MR bias current to the selected head. The read circuitry is in its 
normal “read” state except that the outputs are disabled. Another 
circuit is enabled to maintain the common-mode voltage at the 
reader outputs, thereby substantially reducing write-to-read 
transition times. 


Dual Write Mode 

Setting the DUALW bit high (1:<D3>) initiates a special Dual 
Write mode. 

Dual Write mode allows the writing of one channel in each of 
two preamps in a dual preamp configuration. When set, both 
preamps respond to the lower preamp address field. 

This mode reduces servo write time when there are two 
preamps in a single head-disk assembly. 


Fault Detection 

In the write mode, a TTL high on the FLT line indicates a fault 
condition. The fault condition can be triggered by any of the 
following conditions: 


* Insufficient write data transition frequency 


(>500ns between transitions) 
* Open write head 
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¢ No write current 


In addition to generating a write fault, the following conditions will 
result in the shutdown of the write current source and eliminate 
current flow to any head: 


* Invalid head select code 

* Low power supply voltage 

* Device in read or idle mode 
« Head shorted to ground 


7) 
= 
o 
— 
=u 
ra 
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Note: Invalid head and head shorted faults are latched and can 
only be cleared by toggling either the R/WN pin or the 
CSN pin. 


Standby Mode (Inactive Preamp Only) 

This special mode allows for power management of the 
inactive preamp in dual preamp configurations. 

Setting the PWREN bit high (1:<D4>) places the inactive 
preamp in a reduced power consumption Standby mode. Bias 
current is diverted internally, outputs are not driven, and the 
serial register remains active. This mode facilitates a rapid 
recovery when the inactive preamp is selected. 


Idle Mode (Inactive Preamp Only) 

Setting the PWREN bit low (1:<D4>) places the inactive 
preamp in a minimal power consumption Idle mode. 

All fault detection circuitry is disabled in this mode. 


Temperature 

The die temperature can be determined by monitoring the 
voltage at the TEMP pin. This pin is nominally two diode drops 
above ground. The voltage must be calibrated at known 
temperatures to determine the voltage change over the 
temperature range. 


1-393 
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MODE SELECTION 
* The UCSN pin identifies a preamp as ‘lower” when high and 
as ‘upper’ when low. Table 172Head Select 
3 high dual preamp configreton) andthe loworpreamp | 39 | "a2 | MS? | 70 | apap 
z = nan lou 0:<D3> 0:<D2> 0:<D1> 0:<D0> 
a : 0 0 0 0 0 
0 0 0 1 1 
Table 170Mode Select (for the Selected Preamp) 0 0 1 0 3 
(UCSN=1, UPCHP=0) or (UCSN=0, UPCHP=1) 0 0 1 1 3 
R/WN see idl MODE 0 1 0 0 4 
2 0 1 0 1 5 
Idle 0 1 1 0 6 
Read 0 1 1 1 7 
F 1 0 0 0 8 
Read Inactive 1 0 0 1 9 
(bias to dummy head) 1 0 1 0 10 
Write 1 0 1 1 11 
Write 1 1 X X invalid head ' 
(Write Current 1. In Write mode, an invalid head select will disable the writer, dump the head 
Disabled) selection current to the positive supply and register a fault. 
In Read mode, an invalid head select will force “Read Inactive” mode, divert the 
Write with Read Bias read current to a dummy head and register a fault. 
Enabled 
Write with Read Bias 
Enabled 
(Write Current 
Disabled) 


* The IDLEOVR bit (1:<D1>) forces Idle mode when set high. 


Note: Invalid mode selection will select Idle mode. 


Table 171Mode Select (for the Unselected Preamp) 
(UCSN=1, UPCHP=1) or (UCSN=0, UPCHP=0) 


PWREN 
1:<D4> MODE 
0 Idle 
1 Standby 


* The PWREN bit (1:<D4>) allows for power management of 
the inactive (unselected) preamp in a dual preamp 
configuration. When high, the inactive preamp is placed in 
Standby mode (with reduced power consumption). When 
low, the inactive preamp is placed in Idle mode (with 
minimal power consumption). 


Note: If the UCSN lines are tied together, taking the CSN pin 
high places both preamps (in a dual preamp configura- 
tion) in the Idle mode. 


Note: Setting the DUALW bit high (1:<D3>) initiates a special 
Dual Write mode that allows the writing of one channel in 
each of two preamps (both selected and unselected) ina 
dual preamp configuration. See “Dual Write Mode” on 
page 393. 
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SERIAL INTERFACE 

The serial interface has one input line, SCLK (serial clock), and one bidirectional line SDIO (serial data input/output). The SCLK line 
is used as reference for clocking data into and out-of SDIO. When the serial register is powered down only the output D-latches and 
the reference generators remain active. 19 bits constitutes a complete data packet. 

A sequence of null bits must precede the data packet to ensure proper framing of the data packet. 18 null bits <R17 - RO> are 
required to initialize the serial register after the initial application of power. Once initialized, only one null bit must precede each data 
packet. 

The first ten bits of a data packet are write-only and consist of one synchronization bit <S>, an unused bit <A6>, three register 
address bits <A5-A3>, three preamp select bits <A2-A0>, one read/write bit <RN/Ws>, and one turnaround bit <T>. The next nine bits 
consist of 8 data bits <D7-D0> to be written-to or read-from a register and a postamble bit <P> (signifying the end of a data packet). 

A data transfer is initiated upon the assertion of the serial clock (SCLK). Data present on the serial data input/output line (SDIO) will 
be latched-in on the rising edge of SCLK. During a write sequence this will continue for 19 cycles; on the 19th rising edge, the data 
will be written to the addressed register. During a read sequence, SDIO will become active on the falling edge of the 11th cycle. At this 
time <D7> will be presented and data will continue to be presented on the SDIO line on subsequent falling edges of SCLK. The 
presentation of the postamble bit in the 19th falling edge signifies the end of the data transfer. The serial interface will only be fully 
powered between the synchronization and postamble bits. 

The finite state machine in the preamp serial interface block must unconditionally complete a transfer sequence by ending in a state 
where the preamp loads the SDIO line by less than +160uA (TS). The power-on-reset condition for SDIO is tristate/inout mode. 
Note: Data transfers should only take place in idle or write modes. I/O activity is not recommended in read mode and the reader output 

is disabled during data transfer. 
See Tables 173 and 174 for a bit description. See Table 176 and Figure 118 for serial interface timing information. 


pa | Register Address Bits [reap Address Bits Turnaround Bit Data Bits Postamble Bit 
< is > 


S010. _ai_Ao/S \ AEX AEX AY MIKA KATY ADK AWY_T YX OrY DY DSK BAX DIX BAX DIX BO\ P ppg 


Synch Bit Read/Write Bit 


Figure 117 Serial Interface Protocol 


Fault Detection 
A fault condition is triggered by any of the following serial interface conditions: 
28) Address fault - If address bits <A5-A3> select an invalid address or when preamp select bits <A2-A0> # 000, the FLT pin is set 
and further write or read operations cannot be performed until the serial interface is reset. 


29) No end of packet bit - If the 19th falling edge of SCLK is not a low signal, the FLT pin is set and further write operations cannot 
be performed until the serial interface is reset. 


All serial interface faults are cleared on the next serial interface operation. 
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Table 173Serial Interface Bit Description -- Address Bits 


2 Function Register #| Register Address Bits Preamp Address Bits RW bit 
z = <A6> | <A5> | <A4> | <A3> | <A2> | <A1> | <A0> 
a Head Select 0 / 0 0 0 1/0 2 
Control 1 i 0 0 1 1/0 2 
Write Current DAC 2 i 0 1 0 0 ‘ ‘ 1/0 2 
MR Bias Current DAC 3 i 0 1 1 1/0 2 
Vendor ID . 1 1 0 0 0? 
(read only) 
A. Reserved 
2. R/W Address bit: Read = 0, Write = 1 
Table 174Serial Interface Bit Description -- Data Bits 
: : Data Bits 
unetion Regeters: <D7> <D6> <D5> <D4> <D3> <D2> <D1> <D0> 
Head Select 0 i 1 1 UPCHP 7|  HS3 HS2 HS1 HSO 
Control 1 : q BHVOE | PWREN | DUALW |BIASOVR|IDLEOVR| FAST 
Write Current DAC 2 : 1 : Iw4 Iw3 lw2 Iw1 Iwo 
MR Bias Current DAC / Gain| 3 1 1 GAIN IMR4 IMR3 IMR2 IMR1 IMRO 
Vendor ID : 0 0 { 1 0 0 0 { 
(read only) 


1. Reserved 
2. Dual preamp configuration only, 1 = Upper Preamp and 0 = Lower Preamp. See Preamplifier Configuration and Selection on page 392 for more information. 


Table 175Power-on Reset Register Values 


‘ ‘ Power-on Reset Value 
Function Register Number <D7-D0> 
Head Select 0 <0001 1111> 
Control 1 <0000 0010> 
Write Current DAC 2 <0000 0000> 
MR Bias Current DAC 3 <0000 0000> 
Vendor ID 4 <0011 0001> 
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Table 176Serial Interface Parameters 


DESCRIPTION SYMBOL MIN NOM MAX UNITS a 
Serial Clock (CLK) Rate 40 MHz | Je 
SCLK cycle time Te 20 ns c 
SCLK high time Town 8 ns 
SCLK low time Toxi 8 ns 
SCLK risetime (10 - 90%) 0.8 5 ns 
SDIO setup time, write T 6 ns 
SDIO delay time, read 7 8 ns 
SDIO hold time, write T 1 ns 
SDIO hold time, read : 3 ns 
SDIO risetime (10 - 90%) 0.8 7 ns 
Time between I/O operations 25 ns 


Note: SerEna assertion level is high. 


‘ Tokh © Toki: 
—_— ‘<— 


Figure 118 Serial Interface Timing 
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PIN_FUNCTION LIST AND DESCRIPTION 


Input/ er 
: Symbol Output 1 Description 
7 BHV O Buffered MR Head Voltage output. 
>= 
=* CSN 12 Chip Select: 
7) A TTL high level initiates Idle mode. 


A TTL low level enables operation. 
If left disconnected, the input defaults to a high state. 
Note that the IDLEOVR bit (1:<D1>) also forces Idle mode. 


FLT oO? Write/Read Fault: 
A TTL high level indicates a fault in write mode. 
A TTL low level indicates a fault in read mode. 


GND . Ground 
GNDA 7 Analog Ground 
HROP-HR11P | MR head connections, positive end. 
HRON-HR11N | MR head connections, negative end. 
HWOX-HW11X O Thin-Film write head connections, positive end. 
HWOY-HW11Y O Thin-Film write head connections, negative end 
REXT Reference Voltage pin for both MR bias current and write current. 
RDP, RDN QF Read Data: 
Differential read signal outputs. 
R/WN te Read/Write: 
A TTL low level enables write mode. Pin defaults high (read). 
SCLK es Serial Clock: 
Serial port clock; see Figure 171. 
SDIO vO? Serial Data: 
Serial port data; see Figure 171. 
TEMP 12 Temperature: 
Two diode drop voltage to measure die temperature. 
UCSN | Upper Chip Select: 
A TTL low level designates preamp as the “upper” preamp. 
A TTL high level designates preamp as the “lower” preamp. 
Pin defaults high (lower preamp designation). 
VCC . +5.0V supply 
VCCA a Analog +5.0V supply 
VEE 2 -5.0V supply 
VEEA 7 Analog -5.0V supply 
WDX, WDY |2 Differential Pseudo-ECL write data inputs. 


1. 1 = Input pin, O = Output pin 
2. When more than one device is used, these signals can be wire-OR’ed together. 
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TYPICAL APPLICATION CONNECTIONS 


wn 
a wen 4 a 
HWnY REXT|__,,_ = S q 
2.67kQ ne 
a 
+5V 
VCC |__—_» 
| HRne 
\_| HRnN PET yes 
5kQ 
5V 
| GND 7 
VEE 
RDX|__} 
+5V T Read 
> < Output 
|__| veca aod lee | 
-5V 
|_____/ VEEA ae 1 Optional* 
+ 0.01 pF p 
BHV Cnn 


Note: The structure placements in the diagram are not meant to indicate pin/pad locations. The connections shown will apply regard- 
less of pin/pad location variation. 


Application Notes: 
* Power supplies have been separated by Read/Write functionality to reduce noise coupling. 
If separate supplies are not available, VTC recommends that the supply lines be connected externally some distance from the 
preamp. 
* Data transfers should only take place in idle or write modes. I/O activity is not recommended in read mode and will result in reader 
performance degradation. 
« VTC recommends placing decoupling 0.1 uF and 0.01 uF capacitors in parallel between the following pins: 
VCC - GND 
VEE - GND 
VCCA - GNDA 
VEEA - GNDA 
* For maximum stability, place the decoupling capacitors and the Rey; resistor as close to the pins/pads as possible. 


* Optional* 
An optional additional supply noise bypass capacitor may be incorporated at the Cnp/Cnn pins/pads. 
Minimizing parasitics at the Cnn/Cnp node is vital. Place a high quality (low resistance, low inductance) capacitor as close to the 
die as possible. 
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STATIC (DC) CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iya = 10 mA, ly = 40 mA. 


2 PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
m 
z = Read Mode 115 TBD 
U0 
2 Write Mode 105 TBD ak 
Voc Power Supply Current loc 
Write Mode, Reader Biased 155 TBD 
Idle Mode 20 TBD 
Read Mode 40 TBD 
Write Mode 70 TBD 
Vee Power Supply Current lee mA 
Write Mode, Reader Biased 88 TBD 
Idle Mode 2 TBD 
Read Mode 775 TBD 
Write Mode 875 TBD 
Power Supply Dissipation Py mW 
Write Mode, Reader Biased 1200 TBD 
Idle Mode 110 TBD 
PECL 1.8 Voc-0.7 
Input High Voltage Vin V 
TTL 2.0 Veet 0.3 
PECL 1.4 Viy-0.4 
Input Low Voltage Vit V 
TTL -0.3 0.8 
PECL 120 
Input High Current NH HA 
TTL, Vin=2.7V 80 
PECL 100 
Input Low Current Nie HA 
TTL, V,.=0.4V -160 
Output High current lon FLT: Voy=5.0V 50 HA 
Output Low Voltage Vor FLT: Io. =4mA 0.6 V 
Voc Fault Threshold VotH 3.75 4.0 4.25 V 
Vee Fault Threshold Vatu -3.8 -3.55 -3.3 Vv 
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READ CHARACTERISTICS 


Recommended operating conditions apply unless otherwise specified: Iya = 10MA, Rex7=2.67KQ, Ry, = 450. 


SZ 


VM6204 Series Oy! 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
MR Head Current Range lve 5 12 mA 
MR Head Current Tolerance lr 5mA < lua < 12 mA -5 +5 % 
Unselected MR Head Current 15 HA 
REXT Pin Voltage Vset 2.0 V 
IRExT to MR Bias Current Gain Amr 5 mA/mA 
VIN = 1mVpp @ 10MHz, 
eee oe 180 220 260 VV 
Differential Voltage Gain Ay Gain = 385/(340+Ry,)*220 
a 8 Gerstein iba a aoe mu 
Passband Upper Normal mode -1dB 135 TBD sui 
Frequency Limit ae -3dB 250 280 
Passband Lower -3dB Fre- ; Normal mode 0.1 0.7 0.9 MHz 
quency Limit - Fast mode, Lower 3dB 1.5 2.5 3.5 MHz 
Input Noise Voltage en 1 MHz <f < 20 MHz 0.55 0.65 nV/VHz 
Input Noise Bias Current in 1 MHz <f < 20 MHz 10 14 pA/WHz 
Differential Input Capacitance Cin Normal Mode 6 10 pF 
Differential Inout Resistance Rin Normal Mode TBD 340 Ww 
AC input V where Ay falls to 
Dynamic Range DR 90% of its value at Viy = 1MV,, 3 MV op 
@ f =5 MHz 
Total Harmonic Distortion THD 2 % 
Rejection Ratio OMRR | 1 hig ct < 138 MHz 40 dB 
Rejection Hato PSRR | Onis ere 195 MH 7 - 
Unselected Channels: 
Channel Separation cS Vin= 100mV,,, 30 dB 
2 MHz <f < 135 MHz 
Output Offset Voltage Vos -100 100 mV 
Common Mode Output Voltage Voom Read Mode Vocg - 3.2 Voc -2.9 Voc -2.6 V 
ee Mas Stiput-vellade AVocm Read Mode to Write Mode -250 250 mV 
ifference 
Single-Ended Output Resistance Rseo Read Mode 50 Ww 
Output Current lo AC Coupled Load, RDP to RDN 4 mA 
oe Potential, Selected Voir 400 400 a 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Ima = 10MA, Rex7=2.67kQ, Ry, = 452. 


= PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 

m = MR Head Potential, Unselected Vv 4 8 Vv 

=* Head me 

: Buffered Head Voltage Gain Apuy 4.9 5 5.1 VIV 
BHV input referred Vos Vospuy -4 +4 mV 
lve” Rawr 100 600 mV 
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WRITE CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: ly = 40mA, L4= 100nH, Rex7=2.67KQ, Ry = 10Q, foata = SMHz. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS K 

: c= 
REXT Pin Voltage Veer 2.0 V = ri 
lpexr to Write Current Gain A, 20 mA/mA 7 
Write Current Range lw 20 60 mA 
Write Current Tolerance Alw 20 <lw< 60 mA -10 +10 % 
Differential Head 
Voltage Swing Vox Speniniead e Vok 
WDX/WDY Peak-to-Peak ‘ 
Differential Swing Vos; me Made ve MVopd 
Unselected Head 
Transition Current lun lw=30mA 100 WAsx 
Differential Output Capacitance Co 10 pF 
Differential Output Resistance Ro Damping Resistance present TBD Q 
Write Data Frequency for Safe 
Condition foata FLT low 1.0 MHz 
Write Data Frequency for Fault 
Inhibit foara ae Me 
Input Termination Resistance 300 Q 


wox-wov {\_/~\_/~\ 


. 


Ties toi 
sa a 
St —<—_-- 
tos 
HWnxX - HWnY 2 ~ 7 
(Iw) 


In voltage mode: 
When WDX > WDY current will flow from HWnX to HWnY. 
When WDY > WDX current will flow from HWnY to HWnX. 
In current mode: 
When sinking current from WDY current will flow from HWnX to HWnY. 
When sinking current from WDX current will flow from HWnY to HWnX. 


Figure 119 Write Mode Timing Diagram 
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SWITCHING CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: fpar, = 5MHz, Ly= 100nH, Ry = 10Q, ly = 40mA. 


2 PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
m — 
z = R/W to Write Mode trw To 90% of write current 100 ns 
uU 
7) : 
_ To 90% of envelope; 
R/W to Read Mode twr +20mV of final DC value 250 500 ns 
PWRUP to Read Mode t To 90% of envelope; 10 ‘ 
(SCLK 19th rising edge) cs +20mV of final DC value H 
To 90% of envelope; 
+20mV of final DC value 1 us 
HSO0-3 to Any Head Constant IMR 
(SCLK 19th rising edge) tus 
Read Mode To 90% of envelope; 
+20mV of final DC value 3 ys 
Min to Max IMR Change 
poe sto ey Head To 90% of write current; 
(SCLK 19th rising edge) tsus Conetant'l 1 us 
Servo Write Mode “ 
SCLK (19th rising edge) to To 10% of read envelope or write 
tri 0.6 us 
Unselect current 
Safe to Unsafe ! toy 50% WDX to 50% FLT 0.6 3.6 us 
Unsafe to Safe ! tpo 50% WDX to 50% FLT 1 us 
Head Current ee 
Propagation Delay ! tp3 From 50% points 30 ns 
Write Data has 50% duty cycle & 
Syme, AsyM | ins rise/fall time, Ly=0, Ry=0 aa de 
Rise/Fall Time t, / te 20% - 80% 0.950 1.2 ns 


= 


. See Figure 119 for the write mode timing diagram. 
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VM6204 PACKAGING 


12-Channel Die 


Specific Characteristics 
Die size: 220 x 156 Mils 
Wire Bond Coordinates for the VM6204 (in Mils) 
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Pin Name X Axis Y Axis Pad Size 

Pin Name | _X Axis Y Axis Pad Size ewe SOE anne 4x4 
SAV rey ar a HW3x 64.587 58.622 axA 
ean aie on a HW3Y 71.398 58.622 axd 
cme ADE yar 7 Hwa4x 36.295 58.622 ax4 
on aay aad a HWway 43.106 58.622 axd 
FLT 69.528 73.441 x4 ube oe 58.622 4x4 
an ETE Bere a HW5y 15.492 58.622 axd 
aan Sane Sere ae HWex 29.114 58.622 axd 
GNDA 30.917 73.441 4x8 ney saris 58.622 4x4 
GNDA 34.815 73.441 4x8 ave anaes 58.622 4x4 
HRON 90.697 38.449 x4 aL ay 58.622 4x4 
HROP 90.697 45.260 x4 Bee eoue! 58.622 4x4 
HRIN 90.697 10.906 x4 ney. hate 58.622 4x4 
HR1P 90.697 A777 4x4 HWS Bdaichad aia 4x4 
HR2N 90.697 17.378 ax4 ae yeees ase 4x4 
sean an EG Taser id HW10x -90.697 AZT17 ax4 
aan SH 008 eacce a HW10Y 90.697 10.906 ax4 
nae SE Get Baaes ia HW11X 90.697 -45 232 ax4 
aan POR SAGE ia HW11Y 90.697 38.421 axd 
HR4P 56.728 58.622 4x4 he ne lca, sais 
HRS5N 22.303 58.622 4x4 WN Savas sical 4x4 
HRSP 29.114 58.622 4x4 wen siete sic ual oc 
HR6N 15.492 58.622 4x4 ney wee? aie sie 
Bere rey peace a REXT 70.941 73.444 axd 
HR7N 43.106 58.622 x4 mech SheTe aa 4x4 
HR7P -36.205 58.622 4x4 Spe epee iat ao 
HR8N 71.398 58.622 x4 EVE roe ae 4x4 
AAR GAT Te rr UCSN 101.406 73.441 ax4 
HRON 90.697 24.189 ax4 WE pereel sled. axe 
HR9P 90.697 31.000 x4 WEG Sauve sista, 4x8 
HR10N -90.697 4,094 4x4 Veen BUNS sind 4x8 
HR10P -90.697 2.717 axd MEG uae ee axe 
HR1iN -90.697 31.610 4x4 ween alee? aha 4x4 
HR11P -90.697 24.799 axd VEE 18,039 ae oe 
HWOx 90.697 24.827 4x4 EE aleed sida ae 
HWoY 90.697 31.638 ax4 WEES eee seed 4x8 
aim Sicea i, a VEEA 53.028 73.441 4x8 
HW1Y 90.697 4.094 axd wee see gaa) 4x4 
Hwex 90.697 31.000 ax4 no picts Wicca — 
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12-Channel 80-lead TQFP Pinout 
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re) 
REXT { 60|_] HR8N 
VCCA 2 59[_] HR8P 
VEEA 3 58[_] HW7X 
VCCA2 4 57(_] HW7Y 
GNDA 5 56{_] HR7N 
RDP 6 55 HR7P 
RDN 7 54[-] HW6xX 
BHV 8 53[-] HW6Y 
GND 9 52[_] HR6N 
VEE 10 51 HR6P 
VCC 11 50 HW5X 
WDX 12 49>] HW5Y 
WDY 13 48 HR5N 
CSN 14 47 HR5P 
R/WN 15 46|_] HW4xX 
FLT 16 45 HW4Y 
NC 17 44[-] HR4N 
SDIO 18 43 HR4P 
SCLK 19 42 HW3X 
TEMP 20 44 HW3Y 


i) 
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UCSN 
HROP 
HRON 
HWoY 
HWwox 
HR1P 
HR1N 
HW1Y 
HW1X 
HR2P 
HR2N 
HWw2Y 
Hw2x 
HR3P 
HR3N 
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VM6205 Series 


PROGRAMMABLE, +5 VOLT, 
MAGNETO-RESISTIVE HEAD, 
READ/WRITE PREAMPLIFIER 


FEATURES 

Transfer Rates in Excess of 350 Mbits/sec 

- Requires Only One External Component (R.,) 

- Designed for Use With Four-Terminal MR Heads 

- 2-Line Serial Interface 
(Provides Programmable Bias Current, Write Current, Gain 
and Head Selection) 

- Die Temperature Monitor Capability 

- Operates from +5 and -5 Volt Power Supplies 

- Upto 8 Channels Available 

- Fault Detect Capability 


* High Performance Reader 
- Current Bias / Voltage Sense Configuration 
- MR Bias Current 5-bit DAC, 2 - 8 mA Range 
- Programmable Read Voltage Gain 
(220 V/V or 150 V/V Typical) 
- Buffered Head Voltage Output 
- Input Noise = 0.55 nV/VHz Typical 
- Input Capacitance = 2 pF Typical 
- Head Inductance Range = 10 nH - 150 nH 
- Bandwidths in Excess of 310 MHz 


* High Speed Writer 
- Write Current 5-bit DAC, 20 - 60 mA Range 
- Rise Time < 1.0 ns Typical 
(20-80%, Liota) = 100 NH, ly = 40 mA) 
- Bank Write Capability 


DESCRIPTION 

The VM6205 is an integrated bipolar programmable read/write 
preamplifier designed for use in high-performance hard disk 
drive applications using 4-terminal magneto-resistive (MR) 
recording heads. The VM6205 contains a thin-film head writer, 
an MR reader, and associated fault circuitry. 

Compensation capacitors previously required as external 
components have been integrated into the VM6205. As a result, 
only one external component (Rext) is required. This advanced 
design greatly simplifies flex layouts. 

Programmability of the VM6205 is achieved through a 2-line 
serial interface. Programmable parameters include MR bias 
current, write current, gain and head selection. 

Fault protection circuitry disables the write current generator 
upon critical fault detection. This protects the disk from potential 
data loss. For added data protection, the IDLEOVR bit (register 
1, bit <D1>) initializes to 1 (idle mode) and an internal pull-up 
resistor is connected to the R/WN line to prevent accidental 
writing due to an open line. 

The VM6205 operates from +5V, -5V power supplies. Low 
power dissipation is achieved through the use of high-speed 
bipolar processing and innovative circuit design techniques. 
When deselected, the device enters an idle mode which reduces 
the power dissipation. 

The VM6205 is an 8 channel device in die form for chip-on-flex 
applications or as an 80-pin TQFP. Please consult VTC for 
details. 
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ABSOLUTE MAXIMUM RATINGS 


Power Supply: 


V cits sacheuesnenancataxtacted undessntencsebednekusarhinansesnteaes +0.3V to -6V 
V Giger J vidtinnmeeuvenedtnieabeweice eetasindtentitnantademndtes siieannehs -0.3V to +6V 
Read Bias Current, Iya ...-ee eee cee ee eee cece eee ee eee eaten een ee eee en ee 18mA 
Write Current, ly ......-.:.:cceecee eee ceeeee cece sees eee ceeaeeeeeeeeaeeees 90mA 


Input Voltages: 
Digital Input Voltage, Vin -0.3V to (Vcc + 0.3)V 
Head Port Voltage, Vi, -0.3V to (Voc + 0.3)V 

Junction Temperature, Ty «1.0.0.0... ccc ee eee eee eee eee eee ee eens 150°C 

Storage Temperature, Tig ......::eeceeeceeeeeeeeeeeeeeeees 


RECOMMENDED OPERATING CONDITIONS 


Power Supply Voltage: 


Vee sais narrciesie aces wastesasaateans gcse geacee sinnie te auereeadunam sane eaniana -5V+ 10% 

ViGGi> Anedastabeicedsanedene stesaedatasurensaateaaatneinactheaaatauas +5V + 10% 
Write: Current, Wyesncearctsaancissenaueascesaiivasisnewsasdisdeanaieneas 20 -60 mA 
Write Head Inductance, Ly .. 10-100 nH 
Write Head Resistance, Ry ...........:::::eeeeeeeeeeeeeeeeeees 10-30 
Read Bias Current, lyn ...-..cseseseecceesseeeceeeseeeessenseeensens 2-8mA 
Read Head Inductance, Lyp .........eeeeeee eee eens eee eee 10 - 150 nH 


Read Head Resistance, Ryp........-..- 35 - 70 Q (Imr*Rmr<600mV) 
Junction Temperature, Ty ............c cece ceeeee eee ee eee 0°C to 125°C 


SERIAL INTERFACE CONTROLLER 

The VM6205 uses a 2-line read/write serial interface for control 
of most chip functions including head selection, MR bias current 
magnitude and write current magnitude. 

See “SERIAL INTERFACE” on page 411 for protocol 
descriptions, bit and fault descriptions, and timing information. 


Preamplifier Configuration and Selection 

The VM6205 was designed for a single or multiple preamp 
configuration. All control lines may be shared (including the two 
serial lines SCLK and SDIO). 

Pin UCSN determines the preamplifier’s upper/lower status in 
a dual preamp configuration. Pin UCSN floats high if left open, 
and the preamp assumes the “lower preamp” designation. If pin 
UCSN is tied to ground, the preamp will assume the “upper 
preamp” designation. 

Setting the WSER bit high (1:<D3>) selects the servo write 
mode. See “Servo Write Mode” on page 409 for further 
information. 

See Tables 170 for Mode Select information. 


Die Temperature Monitor Capability 
A diode is connected to the BIAS pin to provide for the 
monitoring of die temperature. This diode is referenced to GND. 
Sink DC current from the BIAS pin (100A to 1mA) and 
monitor the voltage with respect to GND. VTC recommends 
calibrating the diode in Idle mode initially. 
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Idle Mode 
In the idle mode, power dissipation is reduced to a minimum. 
All circuitry is powered-down except the mode control circuitry 
and the serial registers (the contents of which remain latched). 
Idle mode is selected by taking the CSN pin high. 
Serial interface fault detection is active in this mode, but write 
and read fault detection is disabled. 
Note: Setting the IDLEOVR bit high (1:<D1>) forces Idle mode, 
regardless of the state of the CSN pin. 


Read Mode 

In the read mode, the circuit operates as a low noise 
differential amplifier which senses resistance changes in the MR 
element which correspond to flux changes on the disk. 

In the read mode the bias generator, the input multiplexer, the 
read preamp and the read fault detection circuitry are active. 

The VM6205 uses the current-bias/voltage-sensing MR 
architecture. The magnitude of the MR bias current is referenced 
to the current flowing through an external 2.67kQ resistor 
(connected between pin REXT and ground). The following 
equation governs the MR bias current magnitude: 


(kip X 0-516) + al 


2670 (eee 


ae 390 
MR = 


340+Rare 


Ip represents the bias current flowing to the MR element (in mA). 
Rup represents the resistance of the MR element (in kQ). 
kip represents the MR bias DAC setting (0 to 31). 


MR head center voltages are controlled in all modes and are 
held near ground potential. This reduces the possibility of 
damaging head-media arcing and minimizes current spikes 
during disk contacts. Selected heads are held within +300mV of 
ground and unselected heads are held at approximately -800mV. 
Read Gain 

The gain is nominally 220 V/V with a head resistance of 50. 
The formula that describes the actual gain is shown below: 


390 


= S04 nMR 


Ay (eq. 88) 

Setting the GAIN bit high (3:<D5>) selects a nominal gain of 
150 V/V. 

MR Bias Enable 

Taking the BIAS pin high activates the MR Bias current. to the 
specified head. Note that setting the BIASOVR bit (1:<D2> high 
also activates bias current. 

Note: Taking the BIAS pin low invokes a “Read Inactive” mode 
where bias current is diverted internally to a dummy 
head. See “Read Inactive Mode” on page 409. 

MR Bias DAC 

5 bits (3:<D4-D0>) represent the binary equivalent of the DAC 
setting (0-31, LSB first). 

BHV (Buffered Head Voltage) 

Setting the BHVOE bit high (1:<D5>) enables the output of the 
(Imp<Rua)x5 product of the selected head at the BHV pin. This 
output is single-ended with respect to ground. RDX/RDY 
remains enabled when BHV is enabled. When bit BHVOE is 
reset, the output pin BHV enters a low-impedance (low-Z) state 
to minimize noise coupling. 
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Fast Read Mode 

Setting the FAST bit high (1:<DO>) increases the high-pass 
corner frequency of the amplifier’s bandpass from a nominal 
value of 1 MHz to 2 MHz. 


Fault Detection 

In the read mode, a TTL low on the FLT line indicates a fault 
condition. The fault condition can be triggered by any of the 
following conditions: 

* Low power supply voltage 

* Device in write mode 


Read Inactive Mode 

Taking the BIAS pin low in Read mode invokes a “Read 
Inactive” mode where bias current is diverted internally to a 
dummy head and the FLT pin goes low. 

The chip drives the RDP/RDN outputs to normal levels and its 
power consumption is unaffected. 


Write Mode 

In the write mode, the circuit operates as a write current switch, 
driving the thin-film write element of the MR head. 

The magnitude of the write current is referenced to the current 
flowing through an external 2.67kQ resistor (connected between 
pin REXT and ground). The following equation governs the write 
current magnitude: 


kpwX3.44 + 53.34 
lw alee ERA (eq. 89) 
ext 


lw represents the write current flowing to the selected head (in mA). 
Rext represents the equivalent resistance between the REXT pin and ground (in kQ). 
kw represents the write current DAC setting (0 to 31). 


The write data (PECL) signals on the WDX and WDY lines 
drive the current switch of the selected head. 
See Figure 120 for the timing diagram. 


Write Current DAC 
5 bits (2:<D4-D0>) represent the binary equivalent of the DAC 
setting (0-31, LSB first). 


Read Bias Enabled in Write Mode 

Taking the BIAS pin high in write mode enables MR bias 
current to the selected head. The read circuitry is in its normal 
“read” state except that the outputs are disabled. Another circuit 
is enabled to maintain the common-mode voltage at the reader 
outputs, thereby substantially reducing write-to-read transition 
times. 
Note: Bias must be active 5us before a write-to-read transition. 


Note: Setting the BIASOVR bit high (1:<D2>) forces bias cur- 
rent to the selected head, regardless of the setting of the 
BIAS pin. 
Fault Detection 
In the write mode, a TTL high on the FLT line indicates a fault 
condition. The fault condition can be triggered by any of the 
following conditions: 
* Insufficient write data transition frequency 
(>500ns between transitions) 
* Open write head (detectable up to 66 MHz) 
* No write current 


Note: Open head faults will be reported for approximately 1 ps. 
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In addition to generating a write fault, the following conditions 
will result in the shutdown of the write current source and 
eliminate current flow to any head: 

« Low power supply voltage 

* Device in read or idle mode 


Note: Invalid head and head shorted faults are latched and can 
only be cleared by toggling either the R/WN pin or the 
CSN pin. 


Servo Write Mode 
The VM6205 is designed for use in a single preamp 
configuration. Servo may be written to two heads of a single 
preamp. 
Register 4: <D1-D0> are the servo control bits. See Table 175 
for a servo register bit description information. 
Note: It is the customer’s responsibility to ensure the thermal 
constraints of the die/flex/package are not exceeded. 
This may be achieved by lowering the supply voltage, 
reducing the write current or cooling the device. 


ESD PROTECTION FOR MR HEAD 
Characteristics for ESD diodes at MRP and MRN pins are:. 


v 
v 


Figure 117 ESD Protection of MR Heads 
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MODE SELECTION 


Table 170Mode Select (for the Selected Preamp) 
HS2 


WSER| CSN |R/WN| BIAS MODE 
0:<D2> 
X 1 X X X Idle 
valid 
Xx 0 1 1 Head Read 
Read Inactive 
X 0 1 0 X (bias to dummy 
head) 
valid ; 
0 0 0 0 head Write 
valid While 
0 0 0 1 head with Read Bias 
Enabled 
1 0 0 Xx x Servo 


* The IDLEOVR bit (1:<D1>) forces Idle mode when set high. 
* The BIASOVR bit (1:<D2>) forces bias current when set 
high. 


Note: Invalid mode selection will select Idle mode. 


Note: Setting the WSER bit high (1:<D3>) initiates servo mode. 
See “Servo Write Mode” on page 409. 


Table 171Head Select 
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SERIAL INTERFACE 

The serial interface has one input line, SCLK (serial clock), and one bidirectional line SDIO (serial data input/output). The SCLK line 
is used as reference for clocking data into and out-of SDIO. When the serial register is powered down only the output D-latches and 
the reference generators remain active. 19 bits constitutes a complete data packet. 

A sequence of null bits must precede the data packet to ensure proper framing of the data packet. 18 null bits <R17 - RO> are 
required to initialize the serial register after the initial application of power. Once initialized, only one null bit must precede each data 
packet. 

The first ten bits of a data packet are write-only and consist of one synchronization bit <S>, an unused bit <A6>, three register 
address bits <A5-A3>, three preamp select bits <A2-A0>, one read/write bit <RN/Ws>, and one turnaround bit <T>. The next nine bits 
consist of 8 data bits <D7-D0> to be written-to or read-from a register and a postamble bit <P> (signifying the end of a data packet). 

A data transfer is initiated upon the assertion of the serial clock (SCLK). Data present on the serial data input/output line (SDIO) will 
be latched-in on the rising edge of SCLK. During a write sequence this will continue for 19 cycles; on the 19th rising edge, the data 
will be written to the addressed register. During a read sequence, SDIO will become active on the falling edge of the 11th cycle. At this 
time <D7> will be presented and data will continue to be presented on the SDIO line on subsequent falling edges of SCLK. The 
presentation of the postamble bit in the 19th falling edge signifies the end of the data transfer. The serial interface will only be fully 
powered between the synchronization and postamble bits. 

The finite state machine in the preamp serial interface block must unconditionally complete a transfer sequence by ending in a state 
where the preamp loads the SDIO line by less than +160uA (TS). The power-on-reset condition for SDIO is tristate/inout mode. 
Note: Data transfers should only take place in idle or write modes. I/O activity is not recommended in read mode and the reader output 

is disabled during data transfer. 
See Tables 172 and 173 for a bit description. See Table 176 and Figure 119 for serial interface timing information. 


pa | Register Address Bits [reap Address Bits Turnaround Bit Data Bits Postamble Bit 
< is > 


soI0 =. _Ri_Ro/S \ AB ABK RAY ABKRZ KATY AOXAWY TK DIY BBY DSK DA DIX DAK OTK DO, P ry 


Synch Bit Read/Write Bit 


Figure 118 Serial Interface Protocol 


Fault Detection 
A fault condition is triggered by any of the following serial interface conditions: 


28) Address fault - If address bits <A5-A3> select an invalid address or when preamp select bits <A2-A0> # 000, the FLT pin is set 
and further write or read operations cannot be performed until the serial interface is reset. 


29) No end of packet bit - If the 19th falling edge of SCLK is not a low signal, the FLT pin is set. 
All serial interface faults are cleared by toggling the R/WN pin from low to high. 
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Table 172Serial Interface Bit Description -- Address Bits 


2 Function Register Register Address Bits Preamp Address Bits | RN/W bit 
z = <A6> | <A5> | <A4> | <A3> | <A2> | <A1l> | <A0> 
a Head Select 0 ; 0 0 0 1/0 2 
Control 1 1 0 0 1 1/0 2 
Write Current DAC 2 i 0 1 0 1/0 2 
MR Bias Current DAC 3 1 0 1 1 0 0 0 1/0 2 
Servo 4 , 1 0 0 1/0 2 
Vendor ID : : 1 0 1 0? 
(read only) 
1. Reserved 
2. RN/W bit: Read = 0, Write = 1 
Table 173Serial Interface Bit Description -- Data Bits 
. 3 Data Bits 
Punches Register <D7> <D6> <D5> <D4> <D3> <D2> <D1> <DO0> 
Head Select 0 1 : : 1 1 HS2 HS1 HSO 
Control 1 1 A BHVOE L WSER |BIASOVR|IDLEOVR| FAST 
Write Current DAC / Gain 2 1 f i Iw4 Iw3 Iw2 Iw1 Iwo 
MR Bias Current DAC 3 : : GAIN IMR4 IMR3 IMR2 IMR1 IMRO 
Servo 2 4 1 1 1 1 1 1 LC1 LCO 
Vendor ID aia) 1 1 CHNL REV2 REV1 REVO VEN1 VENO 
1. Reserved 


2. See Table 175 for a description of these bits. 


Table 174Power-on Reset Register Values 


Funéiion Register Power-on Reset Value 
<D7-D0> 

Head Select 0 <0000 0000> 
Control 1 <0000 0010> 
Write Current DAC 2 <0000 0000> 
MR Bias Current DAC 3 <0000 0000> 
Servo 4 <0000 0000> 
Vendor ID 5 <0000 0101> 


Table 175Servo Mode Register Selects 
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Table 176Serial Interface Parameters 


DESCRIPTION SYMBOL MIN NOM MAX UNITS a 
Serial Clock (SCLK) Rate 40 MHz | Je 
SCLK cycle time Te 20 ns c 
SCLK high time Town 8 ns 
SCLK low time Toxi 8 ns 
SCLK risetime (10 - 90%) 0.8 5 ns 
SDIO setup time, write T 6 ns 
SDIO delay time, read 7 8 ns 
SDIO hold time, write T 1 ns 
SDIO hold time, read : 3 ns 
SDIO risetime (10 - 90%) 0.8 7 ns 
Time between I/O operations 25 ns 


Note: SerEna assertion level is high. 


‘ Tokh © Toki: 
—_— ‘<— 


Figure 119 Serial Interface Timing 
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PIN_FUNCTION LIST AND DESCRIPTION 


Input/ er 
: Symbol Output 1 Description 
7 = BHV O Buffered MR Head Voltage output. 
> 
=7 BIAS [7 Bias Enable: 
7) A TTL high level enables MR bias current to the selected head in both read and write modes. 


Pin defaults low (bias disabled). 
Note that the BIASOVR bit (1:<D2>) also forces bias current. 


CSN |2 Chip Select: 
A TTL high level initiates Idle mode. 
A TTL low level enables operation. 
If left disconnected, the input defaults to a high state. 
Note that the IDLEOVR bit (1:<D1>) also forces Idle mode. 


FLT oO? Write/Read Fault: 
A TTL high level indicates a fault in write mode. 
A TTL low level indicates a fault in read mode. 


GND 2 Ground 
GNDA 7 Analog Ground 
HROP-HR7P | MR head connections, positive end. 
HRON-HR7N | MR head connections, negative end. 
HWOX-HW7X O Thin-Film write head connections, positive end. 
HWOY-HW7Y O Thin-Film write head connections, negative end 
REXT Reference Voltage pin for both MR bias current and write current. 
RDP, RDN Oo? Read Data: 
Differential read signal outputs. 
R/WN [= Read/Write: 
A TTL low level enables write mode. Pin defaults high (read). 
SCLK [2 Serial Clock: 
Serial port clock; see Figure 119. 
SDIO VO 2 Serial Data: 
Serial port data; see Figure 119. 
UCSN | Upper Chip Select: 
A TTL low level designates preamp as the “upper” preamp. 
A TTL high level designates preamp as the “lower” preamp. 
Pin defaults high (lower preamp designation). 
VCC : +5.0V supply 
VCCA 2 Analog +5.0V supply 
VEE 2 -5.0V supply 
VEEA 2 Analog -5.0V supply 
WDX, WDY |2 Differential Pseudo-ECL write data inputs. 


1. 1 = Input pin, O = Output pin 
2. When more than one device is used, these signals can be wire-OR’ed together. 
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TYPICAL APPLICATION CONNECTIONS 


7) 
a Wax GNDA}——._ a. 
HWnY = a 
wi 
REXT oc 
2.67kQ oO 
+5V 
ia HRnP ak 
\_] HRnN vCC}———+ 
FLT|L_,»_] 
5k -5V 
-__—_| GND 
anne VEE |__ dy 
VEE |__| 
+5V 
ae RDX | 
Read 
VCCA U ead 
RDY | 
5V | 
|____] VEEA i 1 Optional 
+ 0.01 pF p 
BHV Cnn 
et 
es 


Note: The structure placements in the diagram are not meant to indicate pin/pad locations. The connections shown will apply regard- 
less of pin/pad location variation. 


Application Notes: 


* Power supplies have been separated by Read/Write functionality to reduce noise coupling. 
If separate supplies are not available, VTC recommends that the supply lines be connected externally some distance from the 
preamp. 


* Data transfers should only take place in idle or write modes. I/O activity is not recommended in read mode and will result in reader 
performance degradation. 


« VTC recommends placing decoupling 0.1 uF and 0.01 uF capacitors in parallel between the following pins: 
VCC - GND 
VEE - GND 
VCCA - GNDA 
VEEA - GNDA 


* For maximum stability, place the decoupling capacitors and the Rex; resistor as close to the pins/pads as possible. 
* Optional 
An optional additional supply noise bypass capacitor may be incorporated at the Cnp/Cnn pins/pads. 


Minimizing parasitics at the Cnn/Cnp node is vital. Place a high quality (low resistance, low inductance) capacitor as close to the 
die as possible. 
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STATIC (DC) CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iya = 5 mA, ly = 50 mA. 


2 PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
m 
z = Read Mode 110 TBD 
U0 
4 Write Mode 100 TBD 
VCC Power Supply Current loc Write Mode, Reader Biased 150 TBD antes 
Idle Mode 20 TBD 
Servo Bank Write TBD TBD 
Read Mode 40 TBD 
Write Mode 70 TBD 
Vee Power Supply Current lee Write Mode, Reader Biased 88 TBD mA 
Idle Mode 2 TBD 
Servo Bank Write TBD TBD 
Read Mode 750 TBD 
Write Mode 850 TBD 
Power Supply Dissipation Py mW 
Write Mode, Reader Biased 1215 TBD 
Idle Mode 115 TBD 
PECL 1.8 VCC-0.7 
Input High Voltage Vin V 
TTL 2.0 ie 
3 
PECL 1.4 Viy-0.4 
Input Low Voltage Vit V 
TTL -0.3 0.8 
PECL 120 
Input High Current NH yA 
TTL, Viy=2.7V 80 
PECL 100 
Input Low Current Nie HA 
TTL, V,.=0.4V -160 
WDX/WDY Peak-to-Peak . 
Differential Swing Mes | alle ote an MVopd 
Output High current lon FLT: Voy=5.0V 50 HA 
Output Low Voltage Vo FLT: Io. =4mA 0.6 V 
VCC Fault Threshold VotH 3.75 4.0 4.25 V 
Vee Fault Threshold Vet -4.25 -4.0 -3.75 V 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iy_ = 5 MA, ly = 50 mA, Ry, = 50 Q. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 0 
= 
MR Head Current Range lr Rext = 2.67kQ 2 8 mA S < 
co 
2 <Iua< 4, Rex = 2.67kQ -7 +7 % 7 
MR Head Current Tolerance le 
4 <|un <8, Reyr = 2.67kQ 5 +5 % 
Unselected MR Head Current 15 HA 
REXT Pin Voltage Veet Rext = 2.67kQ 2.0 V 
VIN = 1mVpp @ 10MHz, 
RL(RDP, RDN) = 1kQ, 180 220 260 VIV 
Differential Voltage Gain Ay Gain Bit=0 
Gain Bit=1 TBD 150 TBD VIV 
Passband Upper ' Normal mode -1dB 135 TBD ise 
Frequency Limit Af -3dB 200 230 
Passband Lower -3dB Fre- f TBD ne TBD MHz 
quency Limit ° Fast Bit = 1 2.0 
0.9 MHz < f <5 MHz 0.5 1.0 cae 
Input Noise Voltage en nV/A/Hz 
5 MHz <f < 135 MHz 0.55 0.65 
Input Noise Bias Current in 2 MHz <f < 135 MHz 10 pA/WHz 
Differential Input Capacitance Cin Normal Mode 2 4 pF 
Differential Inout Resistance Rin Normal Mode 340 Ww 
AC input V where Ay falls to 
Dynamic Range DR 90% of its value at Viy = 1MV,, 3 MV op 
@ f =5 MHz 
Total Harmonic Distortion THD 2 % 
Common Mode Vom = 100mVpp, 
Rejection Ratio CMBR 1 MHz <f < 135 MHz 7 
Power Supply 100mV,, on VCC or VEE, 
Rejection Ratio Rane 2 MHz <f < 135 MHz - ob 
Unselected Channels: 
Channel Separation cS Vin= 100mV,,, 30 dB 
2 MHz <f < 135 MHz 
Output Offset Voltage Vos -100 100 mV 
Common Mode Output Voltage Voom Read Mode VCC - 3.2 | VCC -2.9 | VCC -2.6 V 
colmirinn ModesCutput wollage AVocm Read Mode to Write Mode -250 250 mV 
Difference 
Single-Ended Output Resistance Rseo Read Mode 50 Q 
Output Current lo AC Coupled Load, RDP to RDN 4 mA 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iy_= 5 MA, ly = 50 mA, Ryr_ = 50 Q. 
PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Extended Contact, Rpjgx=10MQ 100 HA 
MR Head-to-Disk | 
Contact Current DISK Maximum Peak Discharge, { mA 
Coisk=S00PF, Roisk=10MQ 
MR Head Potential, Selected 
Head Vr -400 400 mV 
MR Head Potential, Unselected 
Bese Vr -1 -.8 V 
Buffered Head Voltage Gain Apyy 4.9 5 5.1 VIV 
BHV input referred Vos VisgHy -4 +4 mV 
BHV output referred Vos Vospuy 1.96 2.0 2.04 V 
Iue*Rue, 100 600 mV 
1-418 VTC Inc., 2800 East Old Shakopee Road, Bloomington, MN 55425, 612-853-5100 


\/ 
dee VM6205 Series %O 


WRITE CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: ly = 50 mA, Ly= 100nH, Ry = 10Q, fpat, = SMHz. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS K 
c= 
REXT Pin Voltage Vset RexT=2-67kQ 2.0 V =a 
oc 
Write Current Range lw Rext=2.67kQ 20 60 mA a 
Write Current Tolerance Alw 20 <lw< 60 mA -8 +8 % 
Write Current Tolerance, ° 
Secu wade Als 20 <Il5< 60 mA -10 +10 Yo 
Differential Head 
Voltage Swing Vox Opened : Vo 
Differential Output Capacitance Co 10 pF 
Write Data Frequency for Safe 
Condition foata FLT low 1.0 MHz 
Write Data Frequency for Fault 
Inhibit foara sad Mie 
Input Termination Resistance 300 Q 


wox-woy f \ / \_/ \ \S 


Thea toi 
zh a 
St —_-- 
tbs 
HWnxX - HWnY \  / a ae 
(Iw) 


In voltage mode: 

When WDX > WDY current will flow from HWnX to HWnY. 

When WDY > WDX current will flow from HWnY to HWnX. 

In current mode: 

When sinking current from WDY current will flow from HWnX to HWnY. 
When sinking current from WDX current will flow from HWnY to HWnX. 


Figure 120 Write Mode Timing Diagram 
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990812 
SWITCHING CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: fpar, = 5MHz, Ly= 100nH, Ry = 10Q, ly = 50mA. 
PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
R/WN to Write Mode trw To 90% of write current 100 ns 
To 90% of envelope; 

R/WN to Read Mode twr +20mV of final DC value 250 500 ns 
PWRUP to Read Mode t To 90% of envelope; 10 ‘ 
(SCLK 19th rising edge) cs +20mV of final DC value H 
HS0-2 to Any Head To 90% of envelope; 
(SCLK 19th rising edge) tus +20mV of final DC value 3 Us 
Read Mode IMR change 
HS0-2 to Any Head To 90% of write current; 
(SCLK 19th rising edge) tsus Constant Iva +20mV of final DC 1 ys 
Servo Write Mode value 
SCLK (19th rising edge) to To 10% of read envelope or write 

tri 0.6 Us 
Unselect current 
Safe to Unsafe ! tot 50% WDX to 50% FLT 0.6 3.6 us 
Unsafe to Safe ' tps 50% WDX to 50% FLT 1 us 
Head Current pak 
Propagation Delay ! tp3 From 50% points 30 ns 

Write Data has 50% duty cycle & 

Peymineny Asy Ins rise/fall time, L4=0, Ryy=0 us si 
Rise/Fall Time t, / t 20% - 80%, 70NH 1 ns 
Read to Bank Servo Write 250 ns 


= 
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. See Figure 120 for the write mode timing diagram on page 419. 
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VM6205 PACKAGING 


8-Channel Die 
Specific Characteristics a 
Die size: TBD x TBD Mils cs 
Wire Bond Coordinates for the VM6205 (in Mils) cc 
Pin Name X Axis Y Axis Pad Size 
Pin Name X Axis Y Axis Pad Size She TED TEP sia 
sav — =D aa HW7Y TBD TBD 4x4 
BIAS TBD TBD 4x4 gah TBP HEP sae 
nN a0 =aD a RDP TBD TBD 4x4 
np =aD =BD a REXT TBD TBD 4x4 
SSN =BD =BD a R/WN TBD TBD 4x4 
= =ED =ED a SCLK TBD TBD 4x4 
SND =ED =ED iG SDIO TBD TBD 4x4 
GNDA TBD TBD 4x10 phe mED TED we 
ARON =BD =BD wn voc TBD TBD 4x10 
TROP =BD =BD a VOCA TBD TBD 4x10 
SaIN =BD =BD a VCCA2 TBD TBD 4x4 
aaIP =aD =aD a VEE TBD TBD 4x10 
EON =aD =ED a VEEA TBD TBD 4x10 
HR2P TBD TBD 4x4 wD TED ides si 
HR3N TBD TBD 4x4 Wey TBD TED sisal 
HRP TBD TBD 4x4 
HRAN TBD TBD 4x4 
HR4P TBD TBD 4x4 
HRSN TBD TBD 4x4 
HRSP TBD TBD 4x4 
HR6N TBD TBD 4x4 
HR6P TBD TBD 4x4 
HR7N TBD TBD 4x4 
HR7P TBD TBD 4x4 
HWox TBD TBD 4x4 
HWoy TBD TBD 4x4 
HWix TBD TBD 4x4 
HWiy TBD TBD 4x4 
HW2x TBD TBD 4x4 
HWw2y TBD TBD 4x4 
HW3x TBD TBD 4x4 
HW3y TBD TBD 4x4 
HWw4x TBD TBD 4x4 
Hwy TBD TBD 4x4 
HW5x TBD TBD 4x4 
HW5Y TBD TBD 4x4 
HWe6x TBD TBD 4x4 
HWey TBD TBD 4x4 
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REXT 
VCCA 
VEEA 
VCCA2 
GNDA 
RDP 
RDN 
BHV 
GND 
VEE 
voc 
WDX 
WDY 
CSN 
R/WN 
FLT 
NC 
SDIO 
SCLK 
BIAS 


2) 


ONoOoRWNM = 


8-Channel Pinout 


i, RR2Z 6832 B65 
ZZ000000B8an082 242088 
Oo 22S 22 22 LLL ZEEE Tl TE 


80 79 78 77 7675 74 73 72 71 70 69 68 67 66 65 6463626 


VM620508TQA1 


21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 


COOOO0ODDVDOVOOVOOOOCO0O00 
2222222222222 2222 


UCSN 
HRON 
HROP 


80-pin TQFP 


60 
59 
58 
57 
56 
55 
54 
53 
52 
5 

50 
49 
48 
47 
46 
45 
44 
43 
42 
4 


fa es oes Ola Glies Cie ipa oes Ge lees Cis kta Ga Gila a es Gea Giga Cakes a OF 


RSP 
RSN 
W4Y 
W4X 
R4P 
R4N 
W3Y 
W3X 
R3P 
R3N 
W2Y 
W2X 
R2P 
R2N 
W1Y 
W1X 
RiP 
RiN 
WOY 


WOX 
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VM6214 Series 


PROGRAMMABLE, 5-VOLT, 
MAGNETO-RESISTIVE HEAD, 
READ/WRITE PREAMPLIFIER 
with SERVO WRITE 


a 
= 


FEATURES 


* General 
- Transfer Rates in Excess of 350 Mbits/sec 
- Requires Only One External Component (Rex) 
- Designed for Use With Four-Terminal MR Heads 
- 2-Line Serial Interface 
(Provides Programmable Bias Current, Write Current, Gain 
and Head Selection) 
- Die Temperature Monitor Capability 
- Operates from +5 and -5 Volt Power Supplies 
- Upto 12 Channels Available 
- Fault Detect Capability 
. mae Performance Reader 
Current Bias / Voltage Sense Configuration 
- MR Bias Current 5-bit DAC, 2 - 9 mA Range 
- Programmable Read Voltage Gain 
(220 V/V or 300 V/V Typical) 
- Buffered Head Voltage Output 
- Input Noise = 0.55 nV/VHz Typical 
- Input Capacitance = 6 pF Typical 
- Head Inductance Range = 10 nH - 150 nH 
- Bandwidths in Excess of 310 MHz 
« High Speed Writer 
- Write Current 5-bit DAC, 20 - 60 mA Range 
- Rise Time < 1.0 ns Typical 
(20-80%, Liota) = 100 NH, ly = 40 mA) 


DESCRIPTION 

The VM6214 is an integrated bipolar programmable read/write 
preamplifier designed for use in high-performance hard disk 
drive applications using 4-terminal magneto-resistive (MR) 
recording heads. The VM6214 contains a thin-film head writer, 
an MR reader, and associated fault circuitry. 

Compensation capacitors previously required as external 
components have been integrated into the VM6214. As a result, 
only one external component (Rext) is required. This advanced 
design greatly simplifies flex layouts. 

Programmability of the VM6214 is achieved through a 2-line 
serial interface. Programmable parameters include MR bias 
current, write current, gain and head selection. 

Fault protection circuitry disables the write current generator 
upon critical fault detection. This protects the disk from potential 
data loss. For added data protection, the IDLEOVR bit (register 
1, bit <D1>) initializes to 1 (idle mode) and an internal pull-up 
resistor is connected to the R/WN line to prevent accidental 
writing due to an open line. 

The VM6214 operates from +5V, -5V power supplies. Low 
power dissipation is achieved through the use of high-speed 
bipolar processing and innovative circuit design techniques. 
When deselected, the device enters an idle mode which reduces 


the power dissipation. 
The VM6214 is available in die form for chip-on-flex 
applications or a 80-pin TQFP. Please consult VTC for details. 
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BLOCK DIAGRAM 


GND VEE VCC GNDA VEEA_ VCCA 
le’ le’ CO CO CO oO 
a as as bal YY VY 
WDX (y (-) HWOX 
WDY ¢ L—{_) HWOY 
HK——C) HW1X 
Write 
Current 5 t—Q) HW1Y 
Source = Q. 
e to: 
iz : 
£ -—O 
< 
REXT QI = -— Hwtox 
MR Bias Current 1) HW10Y 
CSN O Write Current CO) AWIAX 
L——() HW11Y 
Gain A 
SCLK Q—+ 
SDIO CQ 
Control 
Fault CO FLT 
Head Select A 
R/IWN (4 
TEMP (+ 
UCSN O44 
Serial Controller 


HROP © Y © RDY 
HRON Q—— O RDN 


———O BHV 


MR Reader 


HR10P (}—+ 
MR 
HR10N ©€}——4 
Controller 
HR11P G——J 
HR11N Q—— 
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ABSOLUTE MAXIMUM RATINGS 


Power Supply: 


V cits sacheuesnenancataxtacted undessntencsebednekusarhinansesnteaes +0.3V to -6V 
V Giger J vidtinnmeeuvenedtnieabeweice eetasindtentitnantademndtes siieannehs -0.3V to +7V 
Read Bias Current, Iya ...-ee eee ce ee eee cece cence eee eaten neat a eeee nee 18mA 
Write Current, ly ......-.:.:eceecee eee ceeeee eee eeee eee ceeaeeeeeeaeaeeees 90mA 


Input Voltages: 
Digital Input Voltage, Vin -0.3V to (Vcc + 0.3)V 
Head Port Voltage, Vi, -0.3V to (Voc + 0.3)V 

Junction Temperature, Ty «1.0.0.0... cece cee eee eee eee eee ee eens 150°C 

Storage Temperature, Tig ......::eeceeeceeeeeeeeeeeeeeeees 


RECOMMENDED OPERATING CONDITIONS 


Power Supply Voltage: 


Vee sais narrciesie aces wastesasaateans gcse geacee sinnie te auereeadunam sane eaniana -5V+ 10% 

ViGGi> Anedastabeicedsanedene stesaedatasurensaateaaatneinactheaaatauas +5V + 10% 
Write: Current, Wyesncearctsaancissenaueascesaiivasisnewsasdisdeanaieneas 20 -60 mA 
Write Head Inductance, Ly .. 10-100 nH 
Write Head Resistance, Ry .........-.::::ceeeeeeeeeeeeeeeeeees 10-30 
Read Bias Current, lyn ...-...eeeeeeecceesseeeneeeseeeeesesseeenenes 2-9mA 
Read Head Inductance, Lyp .......ceeeeeeeeeee eens eee eee 10 - 150 nH 


Read Head Resistance, Ryp........-..- 25 - 45 Q (Imr*Rmr<600mvV) 
Junction Temperature, Ty ............: cece eeeeee eee ee eee 0°C to 125°C 


SERIAL INTERFACE CONTROLLER 

The VM6214 uses a 2-line read/write serial interface for control 
of most chip functions including head selection, MR bias current 
magnitude and write current magnitude. 

See “SERIAL INTERFACE” on page 427 for protocol 
descriptions, bit descriptions and timing information. 


Preamplifier Configuration and Selection 

The VM6214 was designed for a single or multiple preamp 
configuration. All control lines may be shared (including the two 
serial lines SCLK and SDIO). 

Pin UCSN determines the preamplifier’s upper/lower status in 
a dual preamp configuration. Pin UCSN floats high if left open, 
and the preamp assumes the “lower preamp” designation. If pin 
UCSN is tied to ground, the preamp will assume the “upper 
preamp” designation. 

The UPCHP bit (0:<D4>) is used to select the upper or lower 
preamp (in a dual preamp configuration). 

The PWREN bit (1:<D4>) is used to place the inactive 
(unselected) preamp in either Standby or Idle mode. 

The DUALW bit (1:<D3>) is used to invoke a special mode 
where both preamps respond to the lower preamp address field. 
This Dual Write mode can reduce servo write time in a dual 
preamp configuration. 

See Tables 170 and 171 for Mode Select information. 


Idle Mode 
In the idle mode, power dissipation is reduced to a minimum. 
All circuitry is powered-down except the mode control circuitry 
and the serial registers (the contents of which remain latched). 
Idle mode is selected by taking the CSN pin high. 
Note: Setting the IDLEOVR bit high (1:<D1>) forces Idle mode, 
regardless of the state of the CSN pin. 


1-424 


990812 


Read Mode 

In the read mode, the circuit operates as a low noise 
differential amplifier which senses resistance changes in the MR 
element which correspond to flux changes on the disk. 

In the read mode the bias generator, the input multiplexer, the 
read preamp and the read fault detection circuitry are active. 

The VM6214 uses the current-bias/voltage-sensing MR 
architecture. The magnitude of the MR bias current is referenced 
to the current flowing through an external 2.67kQ resistor 
(connected between pin REXT and ground). The following 
equation governs the MR bias current magnitude: 


(Ky nqpRpx0-602) + 5.34 


IMR 7 A (eq. 87) 


( 385 } 
x renner 
Ryp + 340 
Ip represents the bias current flowing to the MR element (in mA). 
Rext represents the equivalent resistance between the REXT pin and ground (in kQ). 
kip represents the MR bias DAC setting (0 to 31). 


ext 


MR head center voltages are controlled in all modes and are 
held near ground potential. This reduces the possibility of 
damaging head-media arcing and minimizes current spikes 
during disk contacts. Selected heads are held within +300mV of 
ground and unselected heads are held at approximately -800mV. 
Read Gain 

The gain is nominally 220 V/V with a head resistance of 45Q. 
The formula that describes the actual gain is shown below: 


385 


" 304AuR 


Ay (eq. 88) 

Note: Setting the GAIN bit high (3:<D5>) selects a nominal gain 
of 300 V/V. 

MR Bias Enable 

Setting the BIASOVR bit (1:D2>) high activates bias current. 
MR Bias DAC 

The 5 bits in register 3 (<D4-D0>) represent the binary 
equivalent of the DAC setting (0-31, LSB first). 

BHV (Buffered Head Voltage) 

Setting the BHVOE bit high (1:<D5>) enables the output of the 
(Imp<Rua)x5 product of the selected head at the BHV pin. This 
output is single-ended with respect to ground. When bit BHVOE 
is reset, the output pin BHV enters a low-impedance (low-Z) 
state to minimize noise coupling. 

Note: The reader outputs are disabled. 
Fast Read Mode 

Setting the FAST bit high (1:<DO>) increases the high-pass 
corner frequency of the amplifier’s bandpass from a value of 300 
kHz to 2.5 MHz nominal. 

Fault Detection 

In the read mode, a TTL low on the FLT line indicates a fault 
condition. The fault condition can be triggered by any of the 
following conditions: 

« Low power supply voltage 

* Invalid head select code 

* Device in write mode 


Read Inactive Mode 

Selecting an invalid head (setting both the HS3 and HS2 bits 
high, 0:<D3-D2>) invokes a “Read Inactive” mode where bias 
current is diverted internally to a dummy head. 
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The chip drives the RDP/RDN outputs to normal levels and its 
power consumption is unaffected. 


Write Mode 

In the write mode, the circuit operates as a write current switch, 
driving the thin-film write element of the MR head. 

The magnitude of the write current is referenced to the current 
flowing through an external 2.67kQ resistor (connected between 
pin REXT and ground). The following equation governs the write 
current magnitude: 


ky wX3.44) + 53.34 
lw = a ae (eq. 89) 


Rext 


lw represents the write current flowing to the selected head (in mA). 
Rext represents the equivalent resistance between the REXT pin and ground (in kQ). 
kw represents the write current DAC setting (0 to 31). 

The write data (PECL) signals on the WDX and WDY lines 
drive the current switch of the selected head. 
See Figure 119 for the timing diagram. 

Write Current DAC 

The 5 bits in register 2 (<D4-D0>) represent the binary 
equivalent of the DAC setting (0-31, LSB first). 
Read Bias Enabled in Write Mode 

Setting the BIASOVR bit high (1:<D2>) in write mode enables 
MR bias current to the selected head. The read circuitry is in its 
normal “read” state except that the outputs are disabled. Another 
circuit is enabled to maintain the common-mode voltage at the 
reader outputs, thereby substantially reducing write-to-read 
transition times. 

Dual Write Mode 

Setting the DUALW bit high (1:<D3>) initiates a special Dual 
Write mode. 

Dual Write mode allows the writing of one channel in each of 
two preamps in a dual preamp configuration. When set, both 
preamps respond to the lower preamp address field. 

This mode can reduce servo write time when there are two 
preamps in a single head-disk assembly. 

Fault Detection 

In the write mode, a TTL high on the FLT line indicates a fault 
condition. The fault condition can be triggered by any of the 
following conditions: 


* Insufficient write data transition frequency 
(>500ns between transitions) 

* Open write head 

* No write current 


In addition to generating a write fault, the following conditions will 
result in the shutdown of the write current source and eliminate 
current flow to any head: 


* Invalid head select code 

* Low power supply voltage 

* Device in read or idle mode 
« Head shorted to ground 


Note: Invalid head and head shorted faults are latched and can 
only be cleared by toggling either the R/WN pin or the 


CSN pin. 


VTC Inc., 2800 East Old Shakopee Road, Bloomington, MN 55425, 612-853-5100 


\/ 
VM6214 Series Oy 


Standby Mode (Inactive Preamp Only) 

This special mode allows for power management of the 
inactive preamp in dual preamp configurations. 

Setting the PWREN bit high (1:<D4>) places the inactive 
preamp in a reduced power consumption Standby mode. Bias 
current is diverted internally, outputs are not driven, and the 
serial register remains active. This mode facilitates a rapid 
recovery when the inactive preamp is selected. 


Idle Mode (Inactive Preamp Only) 
Setting the PWREN bit low (1:<D4>) places the inactive 
preamp in a minimal power consumption Idle mode. 


Temperature 

The die temperature can be determined by monitoring the 
voltage at the TEMP pin. This pin is nominally two diode drops 
above ground. The voltage must be calibrated at known 
temperatures to determine the voltage change over the 
temperature range. 
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MODE SELECTION 
* The UCSN pin identifies a preamp as ‘lower” when high and 
as ‘upper’ when low. Table 172Head Select 
A ee lL a 
z = neen low 0:<D3> 0:<D2> 0:<D1> 0:<D0> 
a : 0 0 0 0 0 
0 0 0 1 1 
Table 170Mode Select (for the Selected Preamp) 0 0 1 0 3 
(UCSN=1, UPCHP=0) or (UCSN=0, UPCHP=1) 0 0 1 1 3 
BIASOVR| HS3 
1:<D2> |0:<D3> move > ; : 2 
Xx Idle 0 1 1 0 6 
valid Read 0 1 1 1 f 
- 1 0 0 0 8 
Read Inactive 1 0 0 1 9 
(bias to dummy head) 1 0 1 0 10 
Write 1 0 1 il 11 
Write 1 1 x x invalid head | 
(Write Current 1. In Write mode, an invalid head select will disable the writer, dump the head 
Disabled) selection current to the positive supply and register a fault. 
In Read mode, an invalid head select will force “Read Inactive” mode, divert the 
Write with Read Bias read current to a dummy head and register a fault. 
Enabled 
Write with Read Bias 
Enabled 
(Write Current 
Disabled) 


* The IDLEOVR bit (1:<D1>) forces Idle mode when set high. 


Note: Invalid mode selection will select Idle mode. 


Table 171Mode Select (for the Unselected Preamp) 
(UCSN=1, UPCHP=1) or (UCSN=0, UPCHP=0) 


PWREN 
1:<D4> MODE 
0 Idle 
1 Standby 


* The PWREN bit (1:<D4>) allows for power management of 
the inactive (unselected) preamp in a dual preamp 
configuration. When high, the inactive preamp is placed in 
Standby mode (with reduced power consumption). When 
low, the inactive preamp is placed in Idle mode (with 
minimal power consumption). 


Note: If the UCSN lines are tied together, taking the CSN pin 
high places both preamps (in a dual preamp configura- 
tion) in the Idle mode. 


Note: Setting the DUALW bit high (1:<D3>) initiates a special 
Dual Write mode that allows the writing of one channel in 
each of two preamps (both selected and unselected) ina 
dual preamp configuration. See “Dual Write Mode” on 
page 425. 
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SERIAL INTERFACE 

The serial interface has one input line, SCLK (serial clock), and one bidirectional line SDIO (serial data input/output). The SCLK line 
is used as reference for clocking data into and out-of SDIO. When the serial register is powered down only the output D-latches and 
the reference generators remain active. 19 bits constitutes a complete data packet. 

A sequence of null bits must precede the data packet to ensure proper framing of the data packet. 18 null bits <R17 - RO> are 
required to initialize the serial register after the initial application of power. Once initialized, only one null bit must precede each data 
packet. 

The first ten bits of a data packet are write-only and consist of one synchronization bit <S>, an unused bit <A6>, three register 
address bits <A5-A3>, three preamp select bits <A2-A0>, one read/write bit <RN/Ws>, and one turnaround bit <T>. The next nine bits 
consist of 8 data bits <D7-D0> to be written-to or read-from a register and a postamble bit <P> (signifying the end of a data packet). 

A data transfer is initiated upon the assertion of the serial clock (SCLK). Data present on the serial data input/output line (SDIO) will 
be latched-in on the rising edge of SCLK. During a write sequence this will continue for 19 cycles; on the 19th rising edge, the data 
will be written to the addressed register. During a read sequence, SDIO will become active on the falling edge of the 11th cycle. At this 
time <D7> will be presented and data will continue to be presented on the SDIO line on subsequent falling edges of SCLK. The 
presentation of the postamble bit in the 19th falling edge signifies the end of the data transfer. The serial interface will only be fully 
powered between the synchronization and postamble bits. 

The finite state machine in the preamp serial interface block must unconditionally complete a transfer sequence by ending in a state 
where the preamp loads the SDIO line by less than +160uA (TS). The power-on-reset condition for SDIO is tristate/inout mode. 
Note: Data transfers should only take place in idle or write modes. I/O activity is not recommended in read mode and the reader output 

is disabled during data transfer. 
See Tables 173 and 174 for a bit description. See Table 176 and Figure 118 for serial interface timing information. 


pa | Register Address Bits [reap Address Bits Turnaround Bit Data Bits Postamble Bit 
< is > 


S010. _ai_Ao/S \ AEX AEX AY MIKA KATY ADK AWY_T YX OrY DY DSK BAX DIX BAX DIX BO\ P ppg 


Synch Bit Read/Write Bit 


Figure 117 Serial Interface Protocol 
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Table 173Serial Interface Bit Description -- Address Bits 


Function Register #| Register Address Bits Preamp Address Bits | RN/W bit 
<A6> | <A5> | <A4> | <A3>| <A2> | <A1> | <A0> 


a) 
a) 
fe 
20 
U 
n 


Head Select i 
Control 1 
1 
1 


Write Current DAC 
MR Bias Current DAC 


1 
Vendor ID (read only) 


= 


. Reserved 
2. RN/W Address bit: Read = 0, Write = 1 


Table 174Serial Interface Bit Description -- Data Bits 


Data Bits 
<D4> <D3> <D2> <D1> 
Head Select 0 UPCHP HS3 HS2 HS1 
Control 1 PWREN | DUALW |BIASOVR]|IDLEOVR 
Write Current DAC 2 IW4 IW3 Iw2 IW1 
MR Bias Current DAC / Gain 3 IMR4 IMR3 IMR2 IMR1 
4 


Vendor ID (read only) 1 0 0 0 


Function Register # 


1. Reserved 


Table 175Power-on Reset Register Values 


Power-on Reset Value 
<D7-D0> 
Head Select <0001 1111> 
Control <0000 0010> 
Write Current DAC <0000 0000> 
MR Bias Current DAC <0000 0000> 
Vendor ID <0011 0001> 


Function Register Number 
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Table 176Serial Interface Parameters 


DESCRIPTION SYMBOL MIN NOM MAX UNITS a 
Serial Clock (SCLK) Rate 40 MHz | Je 
SCLK cycle time Te 20 ns c 
SCLK high time Town 8 ns 
SCLK low time Toxi 8 ns 
SCLK risetime (10 - 90%) 0.8 5 ns 
SDIO setup time, write T 6 ns 
SDIO delay time, read 7 8 ns 
SDIO hold time, write T 1 ns 
SDIO hold time, read : 3 ns 
SDIO risetime (10 - 90%) 0.8 7 ns 
Time between I/O operations 25 ns 


Note: SerEna assertion level is high. 


‘ Tokh © Toki: 
—_— ‘<— 


Figure 118 Serial Interface Timing 
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PIN_FUNCTION LIST AND DESCRIPTION 


Input/ er 
: Symbol Output 1 Description 
7 BHV O Buffered MR Head Voltage output. 
>= 
=* CSN 12 Chip Select: 
7) A TTL high level initiates Idle mode. 


A TTL low level enables operation. 
If left disconnected, the input defaults to a high state. 
Note that the IDLEOVR bit (1:<D1>) also forces Idle mode. 


FLT oO? Write/Read Fault: 
A TTL high level indicates a fault in write mode. 
A TTL low level indicates a fault in read mode. 


GND . Ground 
GNDA 7 Analog Ground 
HROP-HR11P | MR head connections, positive end. 
HRON-HR11N | MR head connections, negative end. 
HWOX-HW11X O Thin-Film write head connections, positive end. 
HWOY-HW11Y O Thin-Film write head connections, negative end 
REXT Reference Voltage pin for both MR bias current and write current. 
RDP, RDN QF Read Data: 
Differential read signal outputs. 
R/WN te Read/Write: 
A TTL low level enables write mode. Pin defaults high (read). 
SCLK es Serial Clock: 
Serial port clock; see Figure 171. 
SDIO vO? Serial Data: 
Serial port data; see Figure 171. 
TEMP 12 Temperature: 
Two diode drop voltage to measure die temperature. 
UCSN | Upper Chip Select: 
A TTL low level designates preamp as the “upper” preamp. 
A TTL high level designates preamp as the “lower” preamp. 
Pin defaults high (lower preamp designation). 
VCC . +5.0V supply 
VCCA a Analog +5.0V supply 
VEE 2 -5.0V supply 
VEEA 7 Analog -5.0V supply 
WDX, WDY |2 Differential Pseudo-ECL write data inputs. 


1. 1 = Input pin, O = Output pin 
2. When more than one device is used, these signals can be wire-OR’ed together. 
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TYPICAL APPLICATION CONNECTIONS 


wn 
a wen 4 a 
HWnY REXT|__,,_ = S q 
2.67kQ Ww 
oc 
a 
+5V 
VCC |__—_» 
| HRne 
\_| HRnN PET yes 
5kQ 
5V 
| GND 7 
alls VEE 
RDX|__} 
+5V T Read 
> < Output 
|__| veca aod lee | 
-5V 
|_____/ VEEA ae 1 Optional* 
+ 0.01 pF p 
BHV Cnn 


Note: The structure placements in the diagram are not meant to indicate pin/pad locations. The connections shown will apply regard- 
less of pin/pad location variation. 


Application Notes: 
* Power supplies have been separated by Read/Write functionality to reduce noise coupling. 
If separate supplies are not available, VTC recommends that the supply lines be connected externally some distance from the 
preamp. 
* Data transfers should only take place in idle or write modes. I/O activity is not recommended in read mode and will result in reader 
performance degradation. 
« VTC recommends placing decoupling 0.1 uF and 0.01 uF capacitors in parallel between the following pins: 
VCC - GND 
VEE - GND 
VCCA - GNDA 
VEEA - GNDA 
* For maximum stability, place the decoupling capacitors and the Rex; resistor as close to the pins/pads as possible. 


* Optional* 
An optional additional supply noise bypass capacitor may be incorporated at the Cnp/Cnn pins/pads. 
Minimizing parasitics at the Cnn/Cnp node is vital. Place a high quality (low resistance, low inductance) capacitor as close to the 
die as possible. 
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STATIC (DC) CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iyja_= 6 MA, ly = 40 mA. 


2 PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
m 
z = Read Mode 115 TBD 
vu 
2 Write Mode 105 TBD aa 
VCC Power Supply Current loc 
Write Mode, Reader Biased 155 TBD 
Idle Mode 20 TBD 
Read Mode 40 TBD 
Write Mode 70 TBD 
Vee Power Supply Current lee mA 
Write Mode, Reader Biased 88 TBD 
Idle Mode 2 TBD 
Read Mode 775 TBD 
Write Mode 875 TBD 
Power Supply Dissipation Py mW 
Write Mode, Reader Biased 1200 TBD 
Idle Mode 110 TBD 
PECL 1.8 VCC-0.7 
Input High Voltage Vin V 
TT: 2.0 vert: 
3 
PECL 1.4 Vy-0.4 
Input Low Voltage ViL V 
TTL -0.3 0.8 
PECL 120 
Input High Current a LA 
TTL, Viy=2.7V 80 
PECL 100 
Input Low Current Nie HA 
TTL, V,,=0.4V -160 
Output High current lon FLT: Voy=5.0V 50 LA 
Output Low Voltage Vor FLT: Io. =4mA 0.6 V 
VCC Fault Threshold VotH 3.75 4.0 4.25 V 
Vee Fault Threshold Very -3.8 -3.55 -3.3 Vv 
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READ CHARACTERISTICS 
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Recommended operating conditions apply unless otherwise specified: Iya = 6MA, Rex7=2.67kQ, Rup = 45Q. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
MR Head Current Range lve 2 9 mA 
2mA < Ilya < 4MA -7 +7 
MR Head Current Tolerance le % 
4mA < Iva < 9MA -5 +5 
Unselected MR Head Current 15 HA 
REXT Pin Voltage Vset 2.0 V 
IRExT to MR Bias Current Gain Aur 5 mA/mA 
VIN = 1mVpp @ 10MHz, 
RL(RDP, RDN) = 1kQ, 
Gain Bit-0 180 220 260 VIV 
Differential Voltage Gain Ay Gain = 385/(340+Ry,_)*220 
Gain Bit=1 
Gain = 385/(340+Ryyq)*300 an oe we wi 
Passband Upper Normal mode -1dB 135 nine 
Frequency Limit HR -3dB 250 280 
Passband Lower -3dB Fre- ; Normal mode 0.1 0.7 0.9 MHz 
eer LR 
quency Limit Fast mode, Lower 3dB 1.5 25 3.5 MHz 
Input Noise Voltage en 1 MHz <f < 20 MHz 0.55 0.65 nV/VHz 
Input Noise Bias Current in 1 MHz <f < 20 MHz 10 14 pA/Hz 
Differential Input Capacitance Cin Normal Mode 3 pF 
Differential Inout Resistance Rin Normal Mode TBD 340 Q 
AC input V where Ay falls to 
Dynamic Range DR 90% of its value at Viy = 1MV,, 3 MV op 
@ f=5 MHz 
Total Harmonic Distortion THD 2 % 
Common Mode Vom = 100mVpp, 
Rejection Ratio EMRE 1 MHz <f < 135 MHz = ne 
Power Supply 100mV,, on VCC or VEE, 
Rejection Ratio ied 2 MHz <f < 135 MHz — dB 
Unselected Channels: 
Channel Separation cS Vin= 100mV,,, 30 dB 
2 MHz <f < 135 MHz 
Output Offset Voltage Vos -100 100 mV 
Common Mode Output Voltage Voom Read Mode VCC - 3.2 | VCC -2.9 | VCC -2.6 V 
Gorin Mode Output Wellage AVocm Read Mode to Write Mode -250 250 mV 
Difference 
Single-Ended Output Resistance Rseo Read Mode 25 Q 
Output Current lo AC Coupled Load, RDP to RDN 4 mA 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: Iya = 6MA, Rey7=2.67kQ, Rup = 45Q. 
PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
uv 
B) . 
ms MR Head Potential, Selected 
z Es Head Vu 400 400 mV 
no 
MR Head Potential, Unselected 
Head Vur -1 -.8 V 
Buffered Head Voltage Gain ABuyy 4.9 5 5.1 VIV 
BHV input referred Vog Vosguy -4 +4 mV 
lue*Rue, 100 600 mV 
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WRITE CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: ly = 40mA, L4= 100nH, Rex7=2.67kKQ, Ry = 10Q, foata = SMHz. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS K 
c= 
REXT Pin Voltage Veer 2.0 V =i 
oc 
Write Current Range lw 20 60 mA 7 
Write Current Tolerance Alw 20 <lw< 60 mA -10 +10 % 
Differential Head 
Voltage Swing Vox epeiuhiegd 6 Vo 
WDX/WDY Peak-to-Peak F 
Differential Swing Vos Mie Mode eee MVppd 
Unselected Head 
Transition Current lun Ly=sOmen me HA 
Differential Output Capacitance Co 10 pF 
Write Data Frequency for Safe 
Sandiien arene foata | FLT low 1.0 MHz 
Write Data Frequency for Fault 
Inhibit = foara a2 Mie 
Input Termination Resistance 300 Q 


wox-wov J \_/\_/\ 


i 


= toi 
FUE gs at 
St —_-- 
tos 
HWnxX - HWnY ~ ZF ae ae 
(Iw) 


In voltage mode: 
When WDX > WDY current will flow from HWnX to HWnY. 
When WDY > WDX current will flow from HWnY to HWnX. 
In current mode: 
When sinking current from WDY current will flow from HWnX to HWnY. 
When sinking current from WDX current will flow from HWnY to HWnX. 


Figure 119 Write Mode Timing Diagram 
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SWITCHING CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: fpxr, = 5MHz, Ly= 100nH, Ry = 10Q, ly = 40mA. 


3 PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
m 
z = R/WN to Write Mode trw To 90% of write current 100 ns 
U0 
7) : 
To 90% of envelope; 
R/WN to Read Mode twr +20mV of final DC value 250 500 ns 
PWRUP to Read Mode t To 90% of envelope; 10 ‘ 
(SCLK 19th rising edge) cs +20mV of final DC value H 
To 90% of envelope; 
+20mV of final DC value 1 us 
HSO0-3 to Any Head Constant IMR 
(SCLK 19th rising edge) tus 
Read Mode To 90% of envelope; 
+20mV of final DC value 3 ys 
Min to Max IMR Change 
Bed stony Hoag To 90% of write current; 
(SCLK 19th rising edge) tsus Conetant'l 1 us 
Servo Write Mode “ 
SCLK (19th rising edge) to To 10% of read envelope or write 
tri 0.6 us 
Unselect current 
Safe to Unsafe ' toy 50% WDX to 50% FLT 0.6 3.6 Us 
Unsafe to Safe ! tpo 50% WDX to 50% FLT 1 us 
Head Current 5 , 
Propagation Delay ! tp3 From 50% points 30 ns 
Write Data has 50% duty cycle & 
Syme, AsyM | ins rise/fall time, Ly=0, Ry=0 aa de 
Rise/Fall Time t, / te 20% - 80% 0.950 1.2 ns 


= 


. See Figure 119 for the write mode timing diagram. 
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VM6214 PACKAGING 


12-Channel Bump 


Specific Characteristics 
Die size: 220 x 157 Mils 
Bump Coordinates for the VM6214 (in Mils) 


no 
= 
o 
= 
=u 
a 
a 


Pin Name X Axis Y Axis 
Pin Name X Axis Y Axis BA eaeae a 
SRY $551 55547 HW1Y 90.697 3.594 
ean “an 6a7 aed Hwex 90.697 31.500 
Ge 90 667 <a5i5 Hw2y 90.697 24.689 
ean SEG0E Eure HW3x 64.587 59.122 
a aoe Soak HW3Y 71,398 59.122 
GND Taz aa HWwa4x 36.295 59.122 
ai een SOLE HWaY 43.106 59.122 
GNDA “32.866 72.941 a ) Bales 
HRON 90.697 “37.949 ney: uae antes 
HROP 90.697 “44.760 ner ied pe Aee 
HRA0N -90.697 3.594 ae 2-008 Bede? 
HR10P -90.697 3.217 Be peice pu.lee 
HR1iN -90.697 31.110 ney spel 59.122 
HR11P -90.697 “24.299 ae ae 59.122 
HRIN 90.697 10.406 Oey eae 0s ae. iee 
HR1P 90.697 A727 BLL piled Oe? 
HR2N 90.697 17.878 ne eee ite 
HR2P 90.697 11.067 RON sant ena 
HR3N 78.209 59.122 eM nes iia 
HR3P 85.020 59.122 BDE ees sacl 
HR4N 49.917 59.122 HEAT nee 72.941 
HR4P 56.728 59.122 Bers Bitte 72.941 
HR5N 22.303 59.122 eel’ ocr vee 
HRS5P 29.114 59.122 Tee calls ad, 
HRN ae age aane UCSN 101.406 72.941 
HR6P 8.681 59.122 VES soc ou 
HR7N “43.106 59.122 we saul ee 
HR7P 36.295 59.122 men er seal, 
aaa 7 aoe ETE VCCA2 -A1,965 72.941 
HR8P 64.587 59.122 VEE up a8 72.941 
HRON -90.697 24.689 ee event sad 
HR9P -90.697 31.500 VEBA ne 72.941 
HWOX 90.697 24.327 WP seen! sled 
HWOY 90.697 31.138 wey meee eee) 
HW10x -90.697 A7.217 
HW10Y -90.697 10.406 
HW11X -90.697 “44.732 
HW11Y -90.697 87.921 
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12-Channel Bump Diagram 


vU 

Fe SEZRKEZQESSR BEZREEZEEESS 

Bs SEeeeerEeete: ‘S25e222e22e2 

U 

a 

0200000000000 aoo000000 0000 

HR9P fe) fe) HW2X 
HRON ro) ° HW2Y 
HW9Y (eo) oO HR2N 
HW9X ie) (e) HR2P 
HR10P oO ° HW1X 
HLON ce) Note: Diagram shows bumps up io) HW1Y 
HW10Y fe) (eo) HR1N 
HW10X fe) fo) HR1P 
HR11P fo) ° HWOX 
HR11N {e) (o) HWOY 
HW11Y {e) Oo HRON 
HW11X (eo) (o) HROP 
CnP fe) 
en ° 00000 00000000000000 oooo 


REXT 
VCCA 
VEEA 
VCCA2 
GNDA 
RDP 
RDN 
BHV 
GND 
GND 
VEE 
VEE 
Vcc 
Vcc 
WDX 
WDY 
CSN 
R/WN 
FLT 
SDIO 
SCLK 
TEMP 
UCS 
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SOS VTC Inc. 
NS = 
QA Vaiss trotsene™ PROGRAMMABLE, +5-VOLT, 
MAGNETO-RESISTIVE HEAD, READ/ 
WRITE PREAMPLIFIER 
with SERVO WRITE ” 
= 
990812 August 12, 1999 = < 
oc 
FEATURES BLOCK DIAGRAM a 
* General GND VEE Vcc GNDA VEEA  VCCA 
- Transfer Rates in Excess of 350 Mbits/sec O O——O O O O 
- Requires Only One External Component (Rex) 
S Designed for Use With Four-Terminal MR Heads wox ¢ woo 
- 2-Line Serial Interface Woy 
. . . . oO ©) HWooY 
(Provides Programmable Bias Current, Write Current, Gain 
; Write Pep won 
and Head Selection) cunent : HWwotY 
- Die Temperature Monitor Capability Source 5 
- Operates from +5 and -5 Volt Power Supplies E ‘a 
- Upto 6 Channels Available rs 0. 
- Fault Detect Capability REXT 4 = so) sayisase 
. High Performance Reader MA'Bias Current | Hwoay 
Current Bias / Voltage Sense Configuration cs OI Write Current & Hwosx 
- MR Bias Current 5-bit DAC, 3 - 10 mA Range HWwo. 
[© Hwosy 
- Programmable Read Voltage Gain mn 7 
(220 V/V or 300 V/V Typical) ScLK QO 
: Buffered Head Voltage Output spio O-| Y 
- Input Noise = 0.55 nV/VHz Typical Fault |_¢y FLT 
- Input Capacitance = 6 pF Typical aut 
- Head Inductance Range = 10 nH - 150 nH 2 Head Select A 
- Bandwidths in Excess of 310 MHz VY 
* High Speed Writer qé 7 
- Write Current 5-bit DAC, 20 - 60 mA Range Serial Controller 
- Rise Time < 1.0 ns Typical 
(20-80%, Liota) = 100 nH, ly = 40 re 
DESCRIPTION ' 

The VM623206 is an integrated bipolar O° read/ HROP ¢y——| RDP 
write preamplifier designed for use in high-performance hard HRON Cy €).RDN 
disk drive applications using 4-terminal magneto-resistive (MR) HRIP (y—— ~¢ 
recording heads. The VM623206 contains a thin-film head HAIN Ce as 

: : aon 2 © BHV 
writer, an MR reader, and associated fault circuitry. “O71 8 

Compensation capacitors previously required as external “oO E 
components have been integrated into the VM623206. As a ne 9 
result, only one external component (Rext) is required. This v * MR 

3 Fi igs HRO4N O— Controller 
advanced design greatly simplifies flex layouts. HOSP 

Programmability of the VM623206 is achieved through a 2-line HROSN ama 
serial interface. Programmable parameters include MR bias 
current, write current, gain and head selection. 

Fault protection circuitry disables the write current generator 
upon critical fault detection. This protects the disk from potential © ABSOLUTE MAXIMUM RATINGS 
data loss. For added data protection, the IDLEOVR bit (register 

: nae ; : Power Supply: 
1, bit <D1>) initializes to 1 (idle mode) and an internal pull-up Ver +0.3V to -6V 
resistor is connected to the R/W line to prevent accidental writing Wo cetecet ee cesta vic etc get ah tees -0.3V to +6V 
due to an open line. Read Bias Current, Iq. --.cce-eeceeeeeeeeeeeeeeeeeceeeeeeeeeeeaeeeeeees 18mA 

The VM623206 operates from +5V, -5V power supplies. Low Write Current, ly: sicccnnedsaieiscncataaciteies coisashaateiauiasieuanaaeet 90mA 
power dissipation is achieved through the use of high-speed Input Voltages: 
bipolar processing and innovative circuit design techniques. Digital Input Voltage, Vij ...eee eee -0.3V to (Vcc + 0.3)V 
When deselected, the device enters an idle mode which reduces Head POPE VONAGS) Vig: ~cepenccsetental cersecos 0.3V to (Voc + 0.3)V 
th discioati Junction Temperature, Ty .........:.ceeeseseeeeeseeeeeeseeeeeens 150°C 

he dap kceMuiaieh Soandaginn Storage Temperature, Taig .....ccecceceeeesseeceeeeeeeees -65° to 150°C 


The VM623206 is available in 48-pin TQFP package. Please 
consult VTC for details. 
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RECOMMENDED OPERATING CONDITIONS 


Power Supply Voltage: 


Vice averbaaatbestaneies ince uancinisedenandoetactarixeincutetateetents -5V+10% 
NM Gigs. ¢ Svecmwvesacnetnalbuigavatitaan veceiindies stemanteapuicten Siidamenben ts +5V+10% 
Write: Current, yp scciiscesessuceasddidaccsauanensndsnae deanexnanatas 20 -60 mA 
Write Head Inductance, Ly ...........:eceseeeeeeeeeeeeeeees 10 - 100 nH 


Write Head Resistance, Rw 10-30 
Read Bias Current, Iya ...see cece eee eee eee ee eee eee ee eee eee eee 5-12mA 
Read Head Inductance, Lyp ........-eeceeeeeeee eee eeeee eee 10 - 150 nH 


Read Head Resistance, Ryp........-..- 25 - 45 Q (Imr*Rmr<600mV) 
Junction Temperature, Ty ...........c cece cee eee eee ee ee ee 0°C to 125°C 


Serial Interface Controller 

The VM623206 uses a 2-line read/write serial interface for 
control of most chip functions including head selection, MR bias 
current magnitude and write current magnitude. 

See “Serial Interface Controller” on page 442 for protocol 
descriptions, bit descriptions and timing information. 


Preamplifier Configuration and Selection 

The VM623206 was designed for a single or multiple preamp 
configuration. All control lines may be shared (including the two 
serial lines SCLK and SDIO). 

The PWREN bit (register 1, bit <D4>) is used to place the 
inactive (unselected) preamp in either Standby or Idle mode. 

See Tables 170 and 171 for Mode Select information. 


Die Temperature Monitor Capability 


990812 


kip represents the MR bias DAC setting (0 to 31). 


MR head center voltages are controlled in all modes and are 
held near ground potential. This reduces the possibility of 
damaging head-media arcing and minimizes current spikes 
during disk contacts. Selected heads are held within +300mV of 
ground and unselected heads are held at approximately -800mV. 
Read Gain 

The gain is nominally 220 V/V with a head resistance of 40Q. 
The formula that describes the actual gain is shown below: 


380 


= 340+ RMR e 


Ay (eq. 88) 

Note: Setting the GAIN bit high (register 3, bit <D5>) selects a 
nominal gain of 300 V/V. 

MR Bias Enable 

Taking the BIAS pin high activates the MR Bias current. to the 

specified head. Note that setting the BIASOVR bit (register 1, bit 

<D2> high also activates bias current. 

Note: Taking the BIAS pin low invokes a “Read Inactive” mode 
where bias current is diverted internally to a dummy 
head. See “Read. Inactive Mode” on page 440. 


4-D0>) represent the binary 


MR Bias DAC 
The 5 bits i ste 
equival the DAC setting (0-31, LSB first). 


Bu Head Voltage 


ting the BHVOE bit high (register 1, bit <D5>) enables the 
of the (ImpaxRmu_)x5 product of the selected head at the 


t 
A diode is connected to the BIAS pin to provide for "igo 8 pin. This output is single-ended with respect to ground. 
0 


monitoring of die temperature. This diode is refere t 

Sink DC current from the BIAS pin (10uA to 1m r 
the voltage with respect to GND. VTC rec d rating 
the diode in Idle mode initially. 


Idle Mode 
In the idle mode, power dissipation is reduced to a minimum. 
All circuitry is powered-down except the mode control circuitry 
and the serial registers (the contents of which remain latched). 
Idle mode is selected by taking the CS pin high. 
Serial interface fault detection is active in this mode, but write 
and read fault detection is disabled. 
Note: Setting the IDLEOVR bit high (register 1, bit <D1>) forces 
Idle mode, regardless of the state of the CS pin. 


Read Mode 

In the read mode, the circuit operates as a low noise 
differential amplifier which senses resistance changes in the MR 
element which correspond to flux changes on the disk. 

In the read mode the bias generator, the input multiplexer, the 
read preamp and the read fault detection circuitry are active. 

The VM623206 uses the current-bias/voltage-sensing MR 
architecture. The magnitude of the MR bias current is referenced 
to the current flowing through an external 2.67kQ resistor 
(connected between pin REXT and ground). The following 
equation governs the MR bias current magnitude: 


: (Kj yqpX0-602) + 13.34 


Mn Rext 


| (eq. 87) 


xf 380 | 
Rupr + 340 


lp represents the bias current flowing to the MR element (in mA). 
Rext represents the equivalent resistance between the REXT pin and ground (in kQ). 
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When bit BHVOE is reset, the output pin BHV enters a low- 
impedance (low-Z) state to minimize noise coupling. 
Note: The reader outputs are disabled. 
Fast Read Mode 

Setting the FAST bit high (register 1, bit <DO>) increases the 
high-pass corner frequency of the amplifier’s bandpass from a 
nominal value of 300 kHz to 9MHz. 
Fault Detection 

In the read mode, a TTL low on the FLT line indicates a fault 
condition. The fault condition can be triggered by any of the 
following conditions: 

« Low power supply voltage 

* Invalid head select code 

* Device in write mode 


Read Inactive Mode 

Taking the BIAS pin low in Read mode or selecting an invalid 
head (setting both the HS2 and HS1 bits high; register 0, bits 
<D2-D1>) invokes a “Read Inactive” mode where bias current is 
diverted internally to a dummy head. 

The chip drives the RDP/RDN outputs to normal levels and its 
power consumption is unaffected. 


Write Mode 

In the write mode, the circuit operates as a write current switch, 
driving the thin-film write element of the MR head. 

The magnitude of the write current is referenced to the current 
flowing through an external 2.67kQ resistor (connected between 
pin REXT and ground). The following equation governs the write 
current magnitude: 
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H (eq. 89) 
1+5—- 


Rp 


(kwx3.44) + 53.34 i" 


ext 


lw represents the write current flowing to the selected head (in mA). 
Rext represents the equivalent resistance between the REXT pin and ground (in kQ). 
Ry represents the series head resistance (in kQ). 
Rp represents the damping resistance (in kQ). 
kw represents the write current DAC setting (0 to 31). 

The write data (PECL) signals on the WDX and WDY lines 
drive the current switch of the selected head. 
See Figure 119 for the timing diagram. 
Write Current DAC 

The 5 bits in register 2 (<D4-D0>) represent the binary 
equivalent of the DAC setting (0-31, LSB first). 
Read Bias Enabled in Write Mode 

Taking the BIAS pin high in write mode enables MR bias 
current to the selected head. The read circuitry is in its normal 
“read” state except that the outputs are disabled. Another circuit 
is enabled to maintain the common-mode voltage at the reader 
outputs, thereby substantially reducing write-to-read transition 


times. 
Note: Setting the BIASOVR bit high (register 1, bit <D2>) forces 


bias current to the selected head, regardless of the set- 
ting of the BIAS pin. 


Fault Detection 
In the write mode, a TTL high on the FLT line ancl he» 


condition. The fault condition can be triggered by any of 
following conditions: & 


* Insufficient write data transition frequ 
(>500ns between transitions) 

* Open write head 

¢ No write current 
In addition to generating a write fault, the following conditions will 
result in the shutdown of the write current source and eliminate 
current flow to any head: 

* Invalid head select code 

« Low power supply voltage 

* Device in read or idle mode 

¢ Head shorted to ground 
Invalid head and head shorted faults are latched and can 
only be cleared by toggling either the R/W pin or the CS 


pin. 


Note: 


Standby Mode (Inactive Preamp Only) 

This special mode allows for power management of an inactive 
preamp. 

Setting the PWREN bit high (register 1, bit <D4>) places the 
inactive preamp in a reduced power consumption Standby 
mode. Bias current is diverted internally, outputs are not driven, 
and the serial register remains active. This mode facilitates a 
rapid recovery when the inactive preamp is selected. 


Idle Mode (Inactive Preamp Only) 
Setting the PWREN bit low (register 1, bit <D4>) places the 


inactive preamp in a minimal power consumption Idle mode. 


VTC Inc., 2800 East Old Shakopee Road, Bloomington, MN 55425, 612-853-5100 


VM623206 "a" 


MODE SELECTION 
Table 170Mode Select (for the Selected Preamp) 


MODE 


Idle 
Read 


Read Inactive 
(bias to dummy head) 


Write 


Write 
(Write Current Disabled) 


Write 
with Read Bias Enabled 


Write 
with Read Bias Enabled 
(Write Current Disabled) 


1. The BIASOVR bit (register 1, bit <D2>) forces bias current when set high. 
2. The IDLEOVR bit (register 1, bit <D1>) forces Idle mode when set high. 


Note: Invalid mode selection will select Idle mode. 


Table 171Mo le 


PWR 
1<D MODE 
w Idle 
1 Standby 


1. The PWREN bit (register 1, bit <D4>) allows for power management of the inac- 
tive (unselected) preamp. When high, an inactive preamp is placed in Standby 
mode (with reduced power consumption). When low, an inactive preamp is 
placed in Idle mode (with minimal power consumption). 


Table 172Head Select 


HS2 HS1 HSo 
0:<D2> 0:<D1> 0:<D0> HEAD 
0 0 0 0 
0 1 1 
0 1 0 2 
0 1 1 3 
1 0 0 4 
1 0 1 5 
1 1 X invalid head | 
1 1 x invalid head 2 


1. In Write mode, an invalid head select will disable the writer, dump the head 
selection current to the positive supply and register a fault. 

2. In Read mode, an invalid head select will force “Read Inactive” mode, divert the 
read current to a dummy head and register a fault. 
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SERIAL INTERFACE 


ee | Register Address Bits [reap Address Bits en Bit Data Bits Postamble Bit 

< re > 

spIO - RI_RO/ S \ BX ASX A4X ABKA2 XAIX AOKRWK TX D7X DEX OSX D4 DsX 2X DIX DO\ P pre 
Synch Bit Read/Write Bit 


Figure 117 Serial Interface Protocol 


Serial Interface Controller 

The serial interface has one input line, SCLK (serial clock), and one bidirectional line SDIO (serial data input/output). The SCLK line 
is used as reference for clocking data into and out-of SDIO. When the serial register is powered down only the output D-latches and 
the reference generators remain active. 19 bits constitutes a complete data packet. 

A sequence of null bits must precede the data packet to ensure proper framing of the data packet. 18 null bits <R17 - RO> are 
required to initialize the serial register after the initial application of power. Once initialized, only one null bit must precede each data 
packet. 

The first ten bits of a data packet are write-only and consist of one ete a unused bit <A6>, three register 
address bits <A5-A3>, three preamp select bits <A2-A0>, one read/write bit < one turnaround bit <T>. The next nine bits 
consist of 8 data bits <D7-D0> to be written-to or read-from a register er a at <P> (signifying the end of a data packet). 

A data transfer is initiated upon the assertion of the serial clock ati wile ah on the serial data input/output line (SDIO) will 
be latched-in on the rising edge of SCLK. During a write wore SDI ntinue for 19 cycles; on the 19th rising edge, the data 
will be written to the addressed register. During a read seq orn active on the falling edge of the 11th cycle. At this 
time <D7> will be presented and data will continue to 4 n e010 wi SDIO line on subsequent falling edges of SCLK. The 
presentation of the postamble bit in the 19th falli es the end of the data transfer. The serial interface will only be fully 
powered between the synchronization and 

The finite state machine in the preamp s block must unconditionally complete a transfer sequence by ending in a state 
where the preamp loads the SDIO line by | an ai 60uA (TS). The power-on-reset condition for SDIO is tristate/inout mode. 
Note: Data transfers should only take place in idle or write modes. I/O activity is not recommended in read mode and the reader output 

is disabled during data transfer. 
See Tables 173 and 174 for a bit description. See Table 176 and Figure 118 for serial interface timing information. 
Fault Detection 
A fault condition is triggered by any of the following serial interface conditions: 


28) Address fault - If address bits <A5-A3> select an invalid address or when preamp select bits <A2-A0> # 000, the FLT pin is set 
and further write or read operations cannot be performed until the serial interface is reset. 


29) No end of packet bit - If the 19th falling edge of SCLK is not a low signal, the FLT pin is set and further write operations cannot 
be performed until the serial interface is reset. 


30) Vendor ID read - If register 4 is read. 
All serial interface faults are cleared by toggling the R/W pin from low to high. 
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Table 173Serial Interface Bit Description -- Address Bits 


Function 


Register # 


Register Address Bits 


Preamp Address Bits 


<A6> 


<A5> | <A4> | <A3> 


<A2> 


<A1> 


<A0> 


Head Select 


Control 


Write Current DAC 


T 
7 
T 
7 


MR Bias Current DAC 


Vendor ID 


1. Reserved 
2. RW bit: Read=0, Write=1 


(read only) 


1 


Table 174Serial Interface Bit Description -- Data Bits 


\/ 
VM623206 & 


no 
= 
o 
= 
=u 
a 
a 


Function Register # pale hie 
<D7> <D6> <D5> <D4> <D3> <D2> <D1> <D0> 
Head Select 0 1 1 1 1 1 HS2 HS1 HSO 
Control 1 i 1 BHVOE | PWREN L BIASOVR|IDLEOVR| FAST 
Write Current DAC / Gain 2 1 : : Iw4 lw2 Iw1 Iwo 
MR Bias Current DAC 3 : : GAIN IMR sts IMR2 IMR1 IMRO 
Vendor ID : 0 0 { 0 0 0 { 
(read only) 
1. Reserved q 
Table 175Power-on Reset Register Values ° & 
Function Register Nu per iB ssl ly stg Value 
Head Select <0001 1111> 
Control <0000 0010> 
Write Current DAC <0000 0000> 
MR Bias Current DAC <0000 0000> 
Vendor ID <0011 0001> 
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Table 176Serial Interface Parameters 


2 DESCRIPTION SYMBOL MIN NOM MAX UNITS 

25 Serial Clock (SCLK) Rate 40 MHz 

a SCLK cycle time Te 20 ns 
SCLK high time Town 8 ns 
SCLK low time Toxi 8 ns 
SCLK risetime (10 - 90%) 0.8 5 ns 
SDIO setup time, write T 6 ns 
SDIO delay time, read 7 8 ns 
SDIO hold time, write T 1 ns 
SDIO hold time, read : 3 ns 
SDIO risetime (10 - 90%) 0.8 7 ns 
Time between I/O operations 25 ns 


Note: SerEna assertion level is high. 


‘Tekh | Toki: 
eal 
SCLK } 


SDIO 


Figure 118 Serial Interface Timing 
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PIN_FUNCTION LIST AND DESCRIPTION 


Signal 
BHV 
BIAS 


FLT 


GND 

GNDA 
HROP-HRO5SP 
HRON-HROSN 
HWOX-HW05X 
HWOY-HWO5Y 
REXT 

RDP, RDN 


R/W 
SCLK 
SDIO 


VCC 

VCCA 

VEE 

VEEA 
WDX, WDY 


1. 1 = Input pin, O = Output pin 


vo! 
O 


| 2 


1/0 2 


mo moO MYO NYP ND 


Description 
Buffered MR Head Voltage output. 


Bias Enable: 

A TTL high level enables MR bias current to the selected head in both read and write modes. 
Pin defaults low (bias disabled). 

Note that the BIASOVR bit (register 1, bit <D2>) also forces bias current. 
Chip Select: 

A TTL high level initiates Idle mode. 

A TTL low level enables operation. 

If left disconnected, the input defaults to a high state. 

Note that the IDLEOVR bit (register 1, bit <D1>) also forces Idle mode. 
Write/Read Fault: 

A TTL high level indicates a fault in write mode. 

A TTL low level indicates a fault in read mode. 

Ground 

Analog Ground 


MR head connections, positive end. 
MR head connections, negative end. 
Thin-Film write head connections, positive end. 


Thin-Film write head connections, negati 


Reference Voltage pin for both MR bias c nd write current. 
Read Data: 

Differential read signal outp' 

Read/Write: Gy 

A TTL low le | ite mode. Pin defaults high (read). 
Serial 

Serial ck; see Figure 118. 


Serial Data: 
Serial port data; see Figure 118. 


+5.0V supply 

Analog +5.0V supply 

-5.0V supply 

Analog -5.0V supply 

Differential Pseudo-ECL write data inputs. 


2. When more than one device is used, these signals can be wire-OR’ed together. 
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TYPICAL APPLICATION CONNECTIONS 


g| HWnX GNDA 
HWnY an 
REXT| A 
2.67kQ 
—| HRnP — 
$ 
\_) HRnN 
+5V 
VCC |_» 
—————| GND 
2 FLT - r—l 
~ 5kQ 
+5V 5V 
|__| VCCA NEE 
RDx |_ _ 
-5V T Read 
== | Output 
VEEA RDY/ |_| 


4¢ 


GRAM” on page 452 for pin/pad locations). The 0 s y regardless of pin/pad location variation. 


Note: The structure placements in the diagram are not meant to indicate st cations (See “6-CHANNEL CONNECTION DIA- 


Application Notes: 


nds that the supply lines be connected externally some distance from the 


Power supplies have been separated by oho to reduce noise coupling. 
: p 4 


If separate supplies are not available 
preamp 
Data transfers should only take place in or write modes. I/O activity is not recommended in read mode and will result in reader 
performance degradation. 
VTC recommends placing decoupling 0.1 uF and 0.01 uF capacitors in parallel between the following pins: 
VCC - GND 
VEE - GND 
VCCA - GNDA 
VEEA - GNDA 


For maximum stability, place the decoupling capacitors and the Rex; resistor as close to the pins/pads as possible. 
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STATIC (DC) CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. Iyja= 10 mA, ly = 40 mA. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 0 
= 
Read Mode 115 TBD = = 
oc 
Write Mode 105 TBD mA 
VCC Power Supply Current loc 
Write Mode, Reader Biased 155 TBD 
Idle Mode 20 TBD 
Read Mode 40 TBD 
Write Mode 70 TBD 
Vee Power Supply Current lee mA 
Write Mode, Reader Biased 88 TBD 
Idle Mode 2 TBD 
Read Mode 750 TBD 
Write Mode 850 TBD 
Power Supply Dissipation Py mW 


1215 TBD 


Write Mode, Reader Biased 

Idle Mode ‘A 125 135 

PECL 1.8 VCC-0.7 
Input High Voltage Vin V 
TTL 4 2.0 VCC+0.3 
PECL (©) 1.4 Vin-0.4 
Input Low Voltage Vit V 

TL -0.3 0.8 

120 

Input High Current NH HA 


L, Viq=2.7V 80 
PECL 100 
Input Low Current Nie HA 
TTL, V,.=0.4V -160 
Output High current lon FLT: Voy=5.0V 50 HA 
Output Low Voltage Vor FLT: Io. =4mA 0.6 V 
VCC Fault Threshold VotH 3.75 4.0 4.25 V 
Vee Fault Threshold Vertu -4.25 -4.0 -3.75 V 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. Iya = 10MA, Ry_ = 40Q. 
PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
MR Head Current Range lur Rext=2.67kQ 3 10 mA 
MR Head Current Tolerance IMR RextT=2.67kQ -5 +5 % 
Unselected MR Head Current 15 LA 
REXT Pin Voltage Vset RextT=2.67kQ 2.0 V 
IReExt to MR Bias Current Gain Aime 5 mA/mA 
VIN = 1mVpp @ 10MHz, 
RL(RDP, RDN) = 1kQ, 
IMR=10mA, RMR=40Q 180 220 260 V/V 
Differential Voltage Gain Ay Gain Bit=0 
Gain = 385*220/(340+Rwyr) 
Gain Bit=1 
Gain = 385*300/(340+Rya) eal au ooe ue 
Passband Upper ; Normal mode -1dB 13 TBD ce 
Frequency Limit i -3dB TBD 
Passband Lower -3dB Fre- fee <% 0.2 0.7 15 MHz 
quency Limit 
0.9 MHz <f ap 0.50 1.0 nV/VHz 
Input Noise Voltage en — 
5 “a Hz 0.55 0.65 | nV/VHz 
Input Noise Bias Current in S < 20 MHz 10 14 pA/VHz 
Differential Input Capacitance om) rmal Mode 6 10 pF 
Differential Inout Resistance Rin Normal Mode TBD TBD Ww 
AC input V where A, falls to 90% 
Dynamic Range DR of its value at Viy = 1MV,, @ f = 3 MV 55 
5 MHz 
Total Harmonic Distortion THD 2 % 
Common Mode Vom = 100mVpp, 
Rejection Ratio BMRB 1 MHz <f < 135 MHz _ ci 
Power Supply 100mV,, on VCC or VEE, 
Rejection Ratio Ponh 2 MHz <f < 1385 MHz si Ge 
Unselected Channels: 
Channel Separation cS Vin= 100mV,,, 30 dB 
2 MHz <f < 135 MHz 
Output Offset Voltage Vos -100 100 mV 
Common Mode Output Voltage Voom Read Mode VCC - 3.2 | VCC -2.9 | VCC -2.6 V 
Pommon Mode" Output voltage AVocm Read Mode to Write Mode -250 250 mV 
Difference 
Single-Ended Output Resistance Rseo Read Mode 50 Ww 
Output Current lo AC Coupled Load, RDP to RDN 4 mA 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. Iya = 10mMA, Ry, = 40Q. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
o 

Extended Contact, Rpjgx=10MQ 100 LA i = 

MR Head-to-Disk =i 

Contact Current DISK Maximum Peak Discharge, { mA = 
Coisk=S00PF, Roish=10MQ 

MR Head Potential, Selected 

Head Vir -400 400 mV 

MR Head Potential, Unselected 

Head Veer =“ ae ¥ 

Buffered Head Voltage Gain Apuy 4.9 5 5.1 VIV 

BHV input referred Vos Vosguy -4 +4 mV 

Iue*Ru, 100 600 mV 
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WRITE CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 
lw = 40mA, Ly= 100nH, Ry = 109, fpata = SMHz. 


vu 

es) 

Me PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 

= a 

o REXT Pin Voltage Vser Rext=2.67kQ 2.0 V 
IRext to Write Current Gain A, 20 mA/mA 
Write Current Constant Kw Kw = Vexre Aj 36 40 44 V 
Write Current Range lw Rext=2.67kQ 20 60 mA 
Write Current Tolerance Alw 20 <lw< 60 mA -10 +10 % 
Differential Head 
Voltage Swing Vox Opemklead a Vo 
WDX/WDY Peak-to-Peak , 
Differential Swing Voss: ||, Mite Mods on MVpd 
Unselected Head 
Transition Current lun yoo ~ Ho 
Differential Output Capacitance Co 10 pF 


Write Data Frequency for Safe 


Differential Output Resistance Ro Damping Resistance present KG TBD Q 
Condition foara FLT low q e 1.0 MHz 
Write Data Frequency for Fault (©) 


Inhibit foata cs nN 


Input Termination Resistance o? 300 Q 


wox-wov f\_/~\_/~\ 


: 


~ toi 
Ar Le 4, 
—Pr ~<A 
tps 
HWnxX - HWnY ~ 7 7 an 
(Iw) 


In voltage mode: 
When WDX > WDY current will flow from HWnX to HWnY. 
When WDY > WDX current will flow from HWnY to HWnX. 
In current mode: 
When sinking current from WDY current will flow from HWnX to HWnY. 
When sinking current from WDX current will flow from HWnY to HWnX. 


Figure 119 Write Mode Timing Diagram 
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SWITCHING CHARACTERISTICS 


Recommended operating conditions apply unless otherwise specified. 


foata = BMHz, Ly = 100nH, Ry = 102, ly = 40mA. 


VM623206 


& 
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PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
RW to Write Mode trw To 90% of write current 100 ns 
ay To 90% of envelope; 
Re enesd Made ‘wR | 420mV of final DC value oor ie 
PWRUP to Read Mode t To 90% of envelope; 10 g 
(SCLK 19th rising edge) cs +20mV of final DC value . 
To 90% of envelope; 
HS0-3 to Any Head +20mV yd DC value 1 us 
(SCLK 19th rising edge) a Constant 
Change in IMR 3 us 
SCLK (19th rising edge) to To 10% of read envelope or write 
tri 0.6 us 
Unselect current 
Safe to Unsafe ! tot 50% WDX to 50% FLT 0.6 3.6 us 
Unsafe to Sate | topo | 50% WDX to 50% FLT cA 1 us 
Head Current ee 
Propagation Delay ! tp3 From 50% points <* 30 ns 
Write Data has 50% duty c 
Asymmetry Asym dne:rise/fall- 6 in 0.1 ns 
Rise/Fall Time t, / t 20% By 0.950 1.2 ns 
1. See Figure 119 for the write mode timing diagram. oS 
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3 6-CHANNEL CONNECTION DIAGRAM 
Dz 
=” ZzoxeZzaxezZzax2r 
7) fesseesscass 
why oAa aku, dhe, okt -cchb. ake ake. okm ok aka a 
484746454443 4241 40393837 
Hw4yY cor 1 36 (117 HRIiN 
HW4X Cor] 2 35 [-11T7 HR1P 
HRSP lo43 34 +14 HROP 
HR5N Corl 4 33 [=1TT7 HRON 
HW5Y COrT5 32 [-1T71 HWOY 
HW5X Corr16 31 [-_1T7 HWOX 
GNDA [11747 30 FIT NC 
REXT CI—/8 29 | NC 
GNDA —11—19 28 | NC 
VEEA CIT] 10 27 |- TT NC 
VCCA [2274 11 26 | T BIAS 
GNDA [CH 12 25 | Il SCLK 
131415161718192021222324 
sare ougalsz5e 
ceemo>r>se cha 


6-Channel 
48-lead TQFP 


gO” 


Specific Characteristics 
See the general data sheet for common specifica rmation. 
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W% 2 2-TERMINAL 5V PREAMPLIFIERS 
YO VIC Inc 
NS Value The Gustamer™ 


Two-Terminal High-Performance 5 Volt Read/Write Preamplifiers 


VM3500 4, 6, or 8-Channel, PECL or TTL WDI, Servo Write, Very High Performance 2-3 
VM3600 4, 6, or 8-Channel, PECL or WDI, Servo Write, Very High Performance 2-21 
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5V/12V PREAMPS 
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VM3500 


4, 6 or 8-CHANNEL, 5-VOLT, 
THIN-FILM HEAD, READ/WRITE 
PREAMPLIFIER with MULTIPLE 
SERVO WRITE CAPABILITY 


August 12, 1999 


FEATURES 


* General 
- Single Power Supply (5 V + 10%) 
- Power Up/Down Data Protect Circuitry 
- Very Low Power Dissipation 
(3 mW Typical in Sleep Mode) 
- Reduced Write-to-Read Recovery Time 
- Head Inductance Range = 0.2 — 1 UH (0.54 UH Typical) 
- Write Unsafe Detection 
- Available in 4, 6 or 8 Channels 


* High Performance Reader 
- Read Gain = 300 V/V Typical 
- Input Noise = 0.5nV/DHz Typical 
- Low Input Capacitance = 8 pF Typical 


. ce Speed Writer 
Write Current Range 5 - 25 mA 
- ly Rise/Fall Times = 3.3 ns 
(Ly = 0.54 UH, lw = 10 mA b-p) 
- PECL or TTL Write Data Inputs 
- Multi-Channel Servo Write 
- Write Current Range (Servo) 5 - 20 mA 
- Optional Write Data Flip-Flop 


DESCRIPTION 

The VM3500 is a high-performance read/write p p 
designed for use in high-end disk drives. It provide nt 
control, data protection circuitry, and a low. r 
preamplifier for up to eight channels. 

Fault protection is provided so that during power supply 
sequencing the write current generator is disabled. System 
write-to-read recovery time is minimized by maintaining the read 
channel common-mode output voltage in write mode. 

Very low-power dissipation from the +5V supply is achieved 
through use of high-speed bipolar processing and innovative 
circuit design techniques. When unselected, the device enters a 
sleep mode, with power dissipation reduced to less than 3mW. 

In multi-channel servo write mode, all heads are written 
simultaneously. The servo mode is activated via the WUS line. 

The VM3500 is available in several different packages. Please 
contact VTC for package availability. 
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BSOLUTE MAXIMUM RATINGS 


Power Supply: 
M GiGi Ses Seca een dad carat aediaaateninde tahgedieh gateisetnammiae ene eeee -0.3V to +7V 
Write Current, lw 30mA 
Input Voltages: 
Digital Input Voltage, Vin 
Head Port Voltage, V, 


bee enaieetnees -0.3V to (Veg + 0.3)V 
eee hate oe -0.3V to (Vog + 0.3)V 


WUS Pin Voltage Range, Vwuys ...-..-eeee eee eeeeee etree -0.3V to +6V 
Output Current: 

RDX; RD Y 2 lg svdensversevdcssvidees nga dvarcnnvieg bohuataegannaeded te -10mA 

WUS: lwus av database any ava Vayama Stara SRLS +12mA 


Junction Temperature 
Storage Temperature, Tstg 
Thermal Characteristics, Oj,: 


20-16ad SOIC: sisie cites vsun aves cdedeexsuavttesdindsstieaverdases 90°C/W 
2O6Ad' SSOP adesc ces iccisedeaantaneeacuaaagadneseaenssaanancines 110°C/W 
2416 ad SSOP 4 seccsccacssnatmacs die eacadaeanicedsanndopanaeeencs 100°C/W 
32-lead'VSOP? avzesiisietdensins coidecsisicstbycansnasitecanmace 100°C/W 
RECOMMENDED OPERATING CONDITIONS 
Power Supply Voltage: 
Vac: dcdsnnaccanatesnadne-dccancdatsanetaaceanemnenanataasaeneerseer +5V + 10% 
Wiite current WW: ache cseacecteiasnses cu ecesiaencesneaeencienath 5 to 25mA 
Head Inductance, Ly ......... sc ceeeeseeceeeeeneeeeeeeeeeeeens 0.2 to 1H 


Junction Temperature, Ty .........ee cece eee eee 25°C to 125°C 
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CIRCUIT OPERATION 

The VM3500 addresses up to eight two-terminal thin-film 
heads, providing write drive or read amplification. Mode control 
is accomplished with pins CS and R/W as shown in Table 177. 
Head selection is accomplished with pins HSO, HS1 and HS2 as 
shown in Table 178. 

Internal pull-up resistors provided on pins CS and R/W force 
the device into a non-writing condition if either control line is 
opened accidentally. 


Write Mode 

The write mode configures the VM3500 as a write current 
switch with the write current toggled between the X and Y side 
of the selected head in response to transitions on the WDI/WDI 
PECL inputs. The write unsafe (WUS) detection circuitry is also 
activated at this time to drive the output to a low (Safe) condition. 

VM3500: Write current is toggled on each low to high transition 
of WDI/WDI. A preceding read operation initializes the write data 
flip flop (WDFF) so that upon entering the write mode current 
flows into the “X” port. 

VM3500F: For the VM3500F (without the WDFF), the write 
current polarity is defined by the levels of WDI/WDI. For WDI > 
WDI, current flows into the “X” port; for WD! < WDI, current flows 
into the “Y” port. 

An internally-generated 2.5 V reference voltage is present at 
the WC pin. The write current magnitude is determined by an 
external resistor connected between the WC pin and ground and 


is defined by the equation: 
S 


(0-peak +10%) 
Power supply fault protection improves dase by 
disabling the write current generator during a voltage fault or 
power-up. Additionally, the write unsafe circuitry will flag any of 


the conditions below as a high level on the open collector output 
pin WUS: 


« No write current 
+ WDI frequency too low 
* Device in read or sleep mode 


Kw 50 
ee (ac)+03mA . (a,3)+03mA 


Two transitions on pin WDI, after the fault is corrected, may be 
required to clear the WUS flag. 


Multi-Channel Servo Write Mode 

In servo write mode, the operation is the same as described 
above except that all channels are written simultaneously. Servo 
mode is controlled using the WUS pin. 


To initiate servo mode: 
1. Enter read mode (bring R/W high). 
2. Select Head 1 (bring HSO high). 
3. Supply 10mA source current into the WUS pin. 
4. Enter servo mode (drop the R/W line low). 


Note: If any other head is selected during servo, the part will 
exit servo mode and write only the selected head. 
Unless servo is “formally” exited by removing the 10mA 
current, servo mode will return whenever head 1 is 
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selected. 


To return to normal operations: 
1. Enter read mode (bring R/W high). 


2. Drop the WUS pin (remove the 10 mA current) and return to 
normal read mode. 


Read Mode 

The read mode configures the VM3500 as a low-noise 
differential amplifier. The write current reference remains active 
to minimize the write/read recovery time. The RDX and RDY 
outputs are emitter followers and are in phase with the “X” and 
“Y” head ports. These outputs should be AC-coupled to the load. 

The RDX, RDY common-mode voltage is maintained in the 
write mode, minimizing the transient between the write mode 
and the read mode, thereby substantially reducing the recovery 
time delay to the subsequent pulse detection circuitry. 


Sleep Mode 
In sleep mode (CS high), most of the circuit is idle and power 
dissipation is reduced to 3mW typical. 


Table 177Mode Select 


* See (Multi-Channel Servo Write Mode on page 4) 
for additional detail. 


Table 178Head Selection 


=/ =| o| of -—-| -| o| o 
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Damping Resistor 
PIN DESCRIPTIONS Unless otherwise indicated, the VM3500 has damping 
resistors isolated by Schottky diodes. The diodes effectively 


NAME DESCRIPTION remove the resistor from the circuit during the read mode, 
HS0 - HS2 Head Selects: however during the write mode with the higher level input signal, 
; Selects one of up to eight heads. the resistor provides damping for the write current waveform. 
HOX - H7X : 
HOY - H7Y X, Y Head Terminals 2 . 
Write Data Inputs: l ree 


PECL input signal; a rising edge toggles 


direction of head current. Head KR V7 


(Each transition toggles the direction of 


head current on the “F” option without — 
the write data flip flop.) 


Chip Select: 
A high level signal puts chip in sleep 
mode; a low level awakens chip. 
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Read/Write select: 
A high level selects read mode. 


A low-level selects write mode 


Write Unsafe/Servo Enable: 
(open collector output) 


A high level indicates a writes unsafe © 
condition. 
MESIOE Note: The WUS pin is also used to A 
enter servo mode. 

See (Multi-Channel Servo Write \Y 

Mode on page 4). 


Write Current Adjust: 
A resistor adjusts level of 


Read Data Output: 
BDCRDY Differential output de.) 
VCC +5 volt supply 
GND Ground 


WC 


1. May be wire-OR’ed for multi-chip usage. 
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DC CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 


PARAMETER 


Power Supply Voltage 


CONDITIONS 


990812 


VCC Supply Current 


Read Mode 


Write Mode, Normal, lw = 
10mA 


Write Mode, Servo, ly = 10mA 
(4-Channel) 


Write Mode, Servo, ly = 10mA 
(6-Channel) 


Write Mode, Servo, ly = 10mA 
(8-Channel) 


Sleep Mode 


Power Supply Power Dissipation 


Read Mode 


Write Mode, Normal, lw = 
10mA 


Write Mode, Servo, oe 
(4-Channel) 


Write Mode, \ = 10mA 
(6-C 


e, Servo, ly = 10mA 
@ | annel) 


Sleep Mode 


Input High Voltage 


Input Low Voltage 


Input High Current 


Vine ry 


Input Low Current 


Vi, = 0.4V 


WDI, WDI Input High Voltage 


Pseudo ECL 


WDI, WDI Input Low Voltage 


Pseudo ECL 


WDI, WD! Input High Current 


Woe Vig 2 079 


WDI, WDI Input Low Current 


Vine Veg 1:6V 


WUS Output Low Voltage 


lo. = 4.0mMA 


WUS Output High Current 


Von = 5.0V 


VCC Value for Write Current 
Turn Off 


ly < 0.2mA 


WUS Servo Enable 


1. The typical value for servo activation is 6 mA. The minimum value at which servo activation is guaranteed is 10 mA. 
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WRITE CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified; L,, = 0.544H, Ry = 20%, hy = 10mA, fot, = SMHz. 


PARAMETER CONDITIONS 
WC Pin Voltage 


Iwc to Head Current Gain 


Write Current Constant Voc = BV +10% 


Write Current Range 10.64k% > Rwe > 2k% 


Write Current Tolerance Veco £10% 


Write Current Tolerance Servo Voc 10% 


— 
=z 
z 
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oc 
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Differential Head Voltage Swing Open head @ VCC = 4.5V 


5V/12V PREAMPS 


WDI Transition Frequency for Safe 


Condition WUS = low 


Differential Output Capacitance 


Differential Output Resistance 


Unselected Head Current 


RDX, RDY Common Mode Output 
Voltage 


1. Typical values are given at Voc = 5V and Ty, = 25°C. 
SERVO WRITE 


Write Current Matching Between 


Channels © 4 lw< 20mA 


Duty Cycle (20mA/head) Ta = 25°C, ts.on < 50ns | 


1. The ambient temperature (T,) and servo-on time (t.9,) limitations are consistent with keeping the peak junction temperature under 125°C. 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified; C, (RDX, RDY) < 20pF, R, (RDX, RDY) = 1k%. 


PARAMETER CONDITIONS 
Differential Voltage Gain Vin = 1mVrms, 1MHz V/V 


-1dB |Zs| < 5%, Viy = 1mVp-p 
Bandwidth MHz 
-3dB |Zs| < 5%, Vin = 1mVp-p 


Input Noise Voltage BW = 20MHz, L, = 0, Ry = 0 ; nV/DHz 


Differential Input Capacitance Vin = 1mVp-p, f = 5MHz pF 


Differential Input Resistance Vin = 1mVp-p, f = 5MHz % 


ND 
— 
m 
BY 
= 
z 
> 
r 


AC input where Ay is 90% of gain 
at 0.2mVrms input 
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Dynamic Range 


Common Mode Rejection Ratio Vin = 100mVp-p @ 5MHz 


Power Supply Rejection Ratio 100mVp-p @ 5MHz on Vee 45 


Unselected channels: 


Channel Separation Vin = 20mVp-p @ 5MHz 4 

Vin = 0 on selected head 
Output Offset Voltage Steady state read oe 
RDX, RDY Common Mode Output ReadiWitte Made % 


Voltage 
RDX, RDY Common Mode Output 
Voltage Difference Between Modes 


Single-Ended Output Resistance or 


Output Current AC-coupled load, RDX to RDY 


1. Typical values are given at Vcc = 5V and Ty = 25°C. 
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SWITCHING CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified; ly = 10MA, fpata = 5MHz, Ly = 0.544H, Ry = 20%, 
C, (RDX, RDY) 6 20pF (see Figures 120 and 121). 


PARAMETER CONDITIONS 
R/W Read to Write Delay R/W to 90% ly 


R/W to 90% of 100mV, 10 MHz 


R/W Write to Read Delay ead dgnal envelope 


CS to 90% lw or 90% of 100mvV, 


CS Unselect to Select Delay 10MHz read signal envelope 


CS Select to Unselect Delay CS to 10% of lw 


HSO - HS3 to 90% of 100mV, 
10MHz read signal envelope 
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HSO - HS3 any Head Delay 


5V/12V PREAMPS 


WUS Safe to Unsafe Delay 


WUS Unsafe to Safe Delay lw = 10mA 


Head Current Propagation Ly = 0, Ry = 0, from 50% points 


50% duty cycle on WDI, 


Peach Curent AS ymnmnaty 1ns rise/fall time; L,=0, Ry = 


10% to 90% points, Ly=0 
Ry=0, ly = 10mA 
Head Current Rise/Fall Time 


1. Typical values are given at Vcc = 5V and Ty, = 
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Figure 120 Write Mode Timing Diagram for VM3500 
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Figure 121 Write Mode Timing Diagram C ( out write data flip flop) 
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LIST OF SPECIFIC PART VARIATIONS 


(described on the following pages) 


PART VARIATION Page Location 
VM357830 
VM355830 

VM355830 (28-lead package) 
VM356630 
VM355635 
VM355630 
VM355435 
VM355430 
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1. This part is non-conventional. See the specific page for details. 
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8-Channel Connection Diagram 


HOxX C—11 32 [7 GND 
HOY C—j2 31 = R/W 
H1X (13 30 = WC 
H1Y C14 29 [7 RDX 
H2x C15 28 ("1 RDY 
H2Y [16 27 | HSO 
H3xX C—7 26 | — HS1 
H3Y [18 25 [7 HS2 
H4xX [19 24 —— WD! 
H4y ——1 10 23 = WD! 
H5X [711 22 [= WUS/SE 
H5Y (12 21 7Cs 
H6X C—] 13 20 4 NC 
H6y (1) 14 19 = 4 NC 
H7X (15 18 4 NC 
H7Y (—1 16 17 |= vec 

8-Channel 

32-lead VSOP 

VM357830FVSM 


Note: This part is non-conventional in the following aspects: 


+ It has an alternate pin-out (CS is in a different location). (A 
* It has a bank servo mode where 4 heads are written at a time based on the.h ele . (See below.) 


* It has a nominal damping resistor value of 250 Q (Schottky isolated). 


See the general data sheet for common specification inf 


Multi-Channel Servo Write Mode © 
In servo write mode, the operation is the s described in the general datasheet except that four channels are written 


simultaneously as shown in the table belo 


Specific Characteristics : @) ; 


HEAD SELECTED HEADS WRITTEN 
none 


odd (1,3,5 and7) 
even (0,2,4 and 6) 


990812 
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VM355830 


8-Channel Connection Diagram 


Hox C—}1 32 NC 
HOY C—]2 31 =5 NC 
H1iX (13 30 [= GND 
H1Y 44 291-7 CS_ 
H2x C15 28 —— R/W 
H2Y (—16 27 [= WC 
H38xX C17 26 ——\ RDY no 
H3Y (8 25 > RDX 42 
H4X C—]9 24 = HSO z= 
H4Y [—10 23 ——HS1 za 
H5X [11 22 | HS2 St 
H5Y (112 21 7 VCC oc - 
H6x C13 20 |= WD! Ww > 
H6Y C—] 14 19 E> wol FA 
H7X [1] 15 18 | WUS/SE as 
H7Y (1116 17 -3NGC 3 
8-Channel 
32-lead VSOP 
VM355830(F)VSL 
Specific Characteristics 
See the general data sheet for common specification information. ‘ 
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VM355830 (28-lead package) 


8-Channel Connection Diagram 


HOX ——11 28 (— GND 
HOY ——2 27 [= R/W 
H1X 143 2617 WC 
H1Y 77714 25 [1 RDY 
H2x C45 24 RDX 
H2Y ——16 23-1 HSO 
a H3X [17 22-1 HS1 
<p H3Y (18 21-7 HS2 
ree H4xX 9 20 [= WD! 
| H4Y = 10 19 WD! 
aw H5X 111 18 — WUS/ 
DE H5Y C—1 12 17 |[—> SE 
m= H6X —— 13 167 VCC 
z ¢ H6Y 14 15> H7Y 
or 
o 8-Channel 
28-lead SSOP 
VM355830FSS28L 


Specific Characteristics 
See the general data sheet for common specification information. 
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6-Channel Connection Diagram 


HOxX C—11 24 |— 7 GND 
HOY C2 23 4 CS_ 
H1iX C13 22 [7 R/W 
H1Y C14 21-74 WC 
H2x C15 20 |- 7 RDY 
H2Y [16 19 |= RDX 
H3x C—7 18 — 4 HSO 
H3Y [18 17 7 HS1 
H4x [19 16 [4 HS2 
H4y —— 10 15 = vcc 
H5X [11 14 wD 
H5Y (12 13 [= WUS/SE 

6-Channel 

24-lead SSOP 

VM356630SSL 


Note: This part is non-conventional in one aspect: 


* Ithas TTL single-ended write data input. 
Write current is toggled on each high-to-low transition of WDI. 


Specific Characteristics 
See the general data sheet for common specification information. 
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6-Channel Connection Diagram 


HOX 1 24 5 GND 
HOY 2 23 [4 R/W 
H1X 3 92 > WC 
H1Y 4 21 [1 RDY 
H2X 5 20 [-4 RDX 
vi H2Y 6 19 [1 HSo 
Sn H3X 7 18 (1 HS1 
yn! H3Y 8 17 9 Hse 
| H4Xx 9 16 1 WD! 
a) H4Y 10 15 (-) WDI 
a= H5X 1 14 [= WUS/SE 
pz H5Y 12 13 [4 VCC 
=> 
ae] rc 
hi 6-Channel 
24-lead SSOP 
VM355635FSSP 


Specific Characteristics 
See the general data sheet for common specification information. 
* 350 V/V read gain. A 


PARAMETER CONDITIO. 


Differential Voltage Gain 


Differential Input Capacitance 


Single-Ended Output Resistance 
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6-Channel Connection Diagram 


HOX 1 24 [1 GND 
HOY 2 23 [1 R/W 
H1X 3 22 | 1 WC 
H1Y 4 21 [1 RDY 
H2X 5 20 [1 RDX 
H2Y 6 19 [- 1 HSO 7) 
H3X 7 18 [4 HS1 a 
H3Y 8 17 (1 HS2 <= 
H4Xx 9 16 [1 WDI zZ a 
H4Y 10 15 [> WDI = a 
H5X 11 14 [> WUS/SE no 
H5Y 12 13 [= VCC F a 
as 
6-Channel io 
24-lead SSOP 
VM355630FSSL 


Specific Characteristics 


See the general data sheet for common specification information. © 
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VM355435 


4-Channel Connection Diagram 


GND 
HOX 
HOY 
H1X 
H1Y 
H2X 
H2Y 
H3X 
H3Y 

vec 


SOONODOARWNDY = 


0 


20 
19 
18 
17 
16 
15 
14 
13 
12 
11 


4-Channel 


20-lead SSOP 
VM355435FSSP 


CS 
R/W 

WC 

RDY 
RDX 
HSO 

HS1 

WDI 
WDI 
WUS/SE 


Specific Characteristics 


See the general data sheet for common specification information. 


* 350 V/V read gain. 


PARAMETER 


Differential Voltage Gain 


CONDITIONS 


990812 


Differential Input Capacitance 


Single-Ended Output Resistance 
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4-Channel Connection Diagram 


GND 
HOX 
HOY 
H1X 
H1Y 
H2X 
H2Y 
H3X 
H3Y 

vec 


1 20 
Cc] 2 19 
3 18 
4 17 
5 16 
6 15 
7 14 
8 13 
9 12 
10 11 
4-Channel 


CS 
R/W 

WC 

RDY 
RDX 
HSO 

HS1 

WDI 
WDI 
WUS/SE 


20-lead SOIC, SSOP, VSOP 


VM355430SSL 


Specific Characteristics 


See the general data sheet for common specification information. 
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VM3600 


4, 6 or 8-CHANNEL, 5-VOLT, 
THIN-FILM HEAD, READ/WRITE 
PREAMPLIFIER with MULTIPLE 
SERVO WRITE CAPABILITY 


August 12, 1999 


FEATURES 


* General 
- Single Power Supply (5 V + 10%) 
- Power Up/Down Data Protect Circuitry 
- Very Low Power Dissipation 
(3 mW Typical in Sleep Mode) 
- Reduced Write-to-Read Recovery Time 
- Head Inductance Range = 0.2 — 1 WH (0.54 WH Typical) 
- Write Unsafe Detection 
- Available in 4, 6 or 8 Channels 


* High Performance Reader 
- Read Gain = 300 V/V Typical 
- Input Noise = 0.54nV/VHz Typical 
- Low Input Capacitance = 4.6 pF Typical 


. ie Speed Writer 
Write Current Range 5 - 25 mA 
- ly Rise/Fall Times = 2.6 ns 
(Ly = 0.54 pH, ly = 10 mA b-p) 
- PECL Write Data Inputs 
- Multi-Channel Servo Write 
- Write Current Range (Servo) 5 - 20 mA 
- Optional Write Data Flip-Flop 


DESCRIPTION 

The VM3600 is a high-performance read/write p p 
designed for use in high-end disk drives. It provide nt 
control, data protection circuitry, and a low. r 
preamplifier for up to eight channels. 

Fault protection is provided so that during power supply 
sequencing the write current generator is disabled. System 
write-to-read recovery time is minimized by maintaining the read 
channel common-mode output voltage in write mode. 

Very low-power dissipation from the +5V supply is achieved 
through use of high-speed bipolar processing and innovative 
circuit design techniques. When unselected, the device enters a 
sleep mode with reduced power dissipation. 

In multi-channel servo write mode, all heads are written 
simultaneously. The servo mode is activated via the WUS/SE 
line. 

The VM3600 is available in several different packages. Please 
contact VTC for package availability. 
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BLOCK DIAGRAM 


Mode 
Select [4 


Read Buffer 


Read Preamp 


te 


Multiplexer 


Write Current 
Switch 


wc Write Current 
Source 
HSO 


HS1 
HS2 


Head Select 


co ogee Chee OSs CMe s Ca Sigs CA CRs Os Ses Ea COM GH Cie oF 


WUS/SE 


Ca OLUTE MAXIMUM RATINGS 


Power Supply: 
M Gi Sais Sea eine dat aaron eaialesateninte tahdetieh edieisemnemmiaee ene eee -0.3V to +7V 
Write Current, lw 30mA 
Input Voltages: 
Digital Input Voltage, Vin 
Head Port Voltage, Vi, 


Rn ee -0.3V to (Veg + 0.3)V 
et eetoade -0.3V to (Vgg + 0.3)V 


WUS/SE Pin Voltage Range, Vwys ....-..seseeeeeeeeeee -0.3V to +6V 
Output Current: 

RDX3RDY 2 6? ceadvecniend sasvitees abe dhurennvieg godtataewganmmetedine -10mA 

WUS: lwus aude yap anya asaya Vaya mar Stara SaLS +12mA 
Junction Temperature oo... eee eee eee eee eee eee eee 150°C 


Storage Temperature, Tstg 
Thermal Characteristics, Oj,: 


20-lead SSOP ® a sseeisctesis vena siieises vtedeewsustiteahsnasntira tices 110°C/W 
20l6ad: VSOP: sdesc css accisedeanntanenacuaaanacdnearaenssadnane anes 120°C/W 
24-lead SSOP oo... ee ceeeeceeeeeeeeeceeceeee eee eeneeneeeenees 100°C/W 
32-lead'VSOP? avzesiisiietdensins coidecsisncstdyaansnasitacaamecs 100°C/W 
RECOMMENDED OPERATING CONDITIONS 
Power Supply Voltage: 
Vat: acdennaccanates nadne-ddcancdatsameteaechenenanskaasaaneennnen +5V + 10% 
Wiite current Ws scien sscacccgeiasese aa ececiaencessneaeencienel 5 to 25mA 
Head Inductance, Ly ......... ee eeeeeseeeeeeeeeeeeeeseeeeeeens 0.2 to 1H 


Junction Temperature, Ty .........ee cece eee eee 25°C to 125°C 
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CIRCUIT OPERATION 

The VM3600 addresses up to eight two-terminal thin-film 
heads, providing write drive or read amplification. Mode control 
is accomplished with pins CS and R/W as shown in Table 179. 
Head selection is accomplished with pins HSO, HS1 and HS2 as 
shown in Table 180. _ - 

Internal pull-up resistors provided on pins CS and R/W force 
the device into a non-writing condition if either control line is 
opened accidentally. 


Write Mode 

The write mode configures the VM3600 as a write current 
switch with the write current toggled between the X and Y side 
of the selected head in response to transitions on the WDI/WDI 
PECL inputs. The write unsafe (WUS) detection circuitry is also 
activated at this time to drive the output to a low (Safe) condition. 

VM3600: Write current is toggled on each low to high transition 
of WDI/WDI. A preceding read operation initializes the write data 
flip flop (WDFF) so that upon entering the write mode current 
flows into the “X” port (see Figure 122). 

VM3600F: For the VM3600F (without the WDFF), the write 
current polarity is defined by the levels of WDIMWDI. For WDI > 
WDI, current flows into the “X” port; for WDI < WDI, current flows 
into the “Y” port (see Figure 123). 

An internally-generated 2.5 V reference voltage is present at 
the WC pin. The write current magnitude is determined by an 
external resistor connected between the WC pin and ground and 
is defined by the equation: 


50 


(0-peak + 10%) 


Fault Detection (@) 

Power supply fault protection improves d curity by 
disabling the write current generator during a voltage fault or 
power-up. Additionally, the write unsafe circuitry will flag any of 
the conditions below as a high level on the open collector output 
pin WUS/SE: 


« No write current 
« WDI transition frequency too low 
* Device in read or sleep mode 


Two transitions on pin WDI, after the fault is corrected, may be 
required to clear the WUS flag. 


Multi-Channel Servo Write Mode 

In servo write mode, the operation is the same as described 
above except that all channels are written simultaneously. Servo 
mode is controlled using the WUS/SE pin. 
To initiate servo mode: _ 

1. Enter read mode (bring R/W high). 

2. Select Head 1 (bring HSO high). 

3. Supply 10mA source current into the WUS/SE pin. 

4. Enter servo mode (drop the R/W line low). 


Note: If any other head is selected during servo, the part will 
exit servo mode and write only the selected head. 
Unless servo is “formally” exited by removing the 10mA 
current, servo mode will return whenever head 1 is 
selected. 
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To exit servo mode: 
1. Enter read mode (bring R/W high). 


2. Drop the WUS/SE pin (remove the 10 mA current) and 
return to normal read mode. 


Read Mode 

The read mode configures the VM3600 as a low-noise 
differential amplifier. The write current reference remains active 
to minimize the write/read recovery time. The RDX and RDY 
outputs are emitter followers and are in phase with the “X” and 
“Y” head ports. These outputs should be AC-coupled to the load. 

The RDX, RDY common-mode voltage is maintained in the 
write mode, minimizing the transient between the write mode 
and the read mode, thereby substantially reducing the recovery 
time delay to the subsequent pulse detection circuitry. 


Sleep Mode —-_— 
In sleep mode (CS high), most of the circuit is idle and power 
dissipation is reduced to 3mW typical. 


Table 179Mode Select 


Table 180Head Selection 
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OPTIONAL DAMPING RESISTOR 
PIN DESCRIPTIONS The VM3600 is available with damping resistors isolated by 
Schottky diodes. The diodes effectively remove the resistor from 


NAME DESCRIPTION the circuit during the read mode, however during the write mode 

Head Selects: with the higher level input signal, the resistor provides damping 

HSO - HS2 F . 
Selects one of up to eight heads. for the write current waveform. 

HOX - H7X : 

HOY - H7Y X, Y Head Terminals . 2 rs 
Write Data Inputs: l ¢ ey 2a 
PECL input signal; a rising edge toggles = e 
direction of head current. Head K Yl F 2 
(Each transition toggles the direction of aS 
head current on the “F” option without io 
the write data flip flop.) oe 
Chip Select: 
A high level signal puts chip in sleep 
mode; a low level awakens chip. An “N” in the specific part number indicates that no damping 
Read/Write select: resistors have been incorporated into the part. 


A high level selects read mode. 
A low-level selects write mode 


Write Unsafe/Servo Enable: 
(open collector output) 


A high level indicates a writes unsafe © 
condition. 
WES Note: The WUS/SE pin is also used to A 
enter servo mode. 

See (Multi-Channel Servo Write \Y% 

Mode on page 22). 


Write Current Adjust: 


WC A resistor adjusts level of ee 
Read Data Output: 
BAN Differential output dae.) 


VCC +5 volt supply 
GND Ground 


1. May be wire-OR’ed for multi-chip usage. 


VTC Inc., 2800 East Old Shakopee Road, Bloomington, MN 55425, 612-853-5100 2-23 


LY, 
& 


©) M3600 990812 


DC CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 


PARAMETER CONDITIONS 


Power Supply Voltage 


Read Mode 


Write Mode, Normal, lw = 
10mA 


nN 
4 
m 
B) 
= 
z 
> 
rc 


Write Mode, Servo, ly = 10mA 
(4-Channel) 


oa 
= 
a 
N 
< 
a) 
BY) 
m 
> 
= 
51 
7) 


VCC Supply Current 


Write Mode, Servo, ly = 10mA 
(6-Channel) 


Write Mode, Servo, ly = 10mA 
(8-Channel) 


Sleep Mode 


Read Mode 


Write Mode, Normal, lw = 


10mA 
Write Mode, Servo, lw = es 
mA 


(4-Channel) 


Power Supply Power Dissipation 
Write Mode, ; 
(6-Channel) 


ite Servo, ly = 10mA 


) 
eep Mode 


Input High Voltage 


Input Low Voltage 


Input High Current Vin = 2.7V 


Input Low Current Vii = 0.4V 


WDI, WDI Input High Voltage Pseudo ECL 


WDI, WDI Input Low Voltage Pseudo ECL 


WDI, WDI Input High Current Vin = Voc - 0.7V 


WDI, WDI Input Low Current Vin = Voc - 1.6V 


WUS Output Low Voltage lo. = 4.0mMA 


WUS Output High Current Vou = 5.0V 


VCC Value for Write Current 


Turn Off sem 


WUS Servo Enable 


1. The typical value for servo activation is 6 mA. The minimum value at which servo activation is guaranteed is 10 mA. 
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WRITE CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified; L,, = 0.544H, Ry = 20Q, ly = 10MA, fpata, = SMHZz. 


PARAMETER CONDITIONS 
WC Pin Voltage 


Iwc to Head Current Gain 


Write Current Constant Voc = BV +10% 


Write Current Range 10.64kQ > Rwe > 2.54kQ 


— 
4 
= 
= 
oc 
Ww 
= 
N 


Write Current Tolerance +10% 


5V/12V PREAMPS 


Write Current Tolerance Servo +10% 


Differential Head Voltage Swing Open head @ VCC = 4.5V 


WDI Transition Frequency for Safe 


Condition WUS = low 


Differential Output Capacitance 


Differential Output Resistance 


Unselected Head Current 


RDX, RDY Common Mode Output 
Voltage 


1. Typical values are given at VCC = 5V and TA = 25xC. 


SERVO WRITE e 


Write Current Matching Between 


Channels 5mA < lyw< 20mA 


Duty Cycle (15mA/head) Ta = 25°C, ts-on < 17ms | 


= 


. The ambient temperature (T,) and servo-on time (tg.9,) limitations are consistent with keeping the peak junction temperature under 125°C. 
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READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified; C, (RDX, RDY) < 20pF, R, (RDX, RDY) = 1kQ. 


PARAMETER CONDITIONS 


Differential Voltage Gain Vin = 1mVrms, 1MHz 


-1dB |Zs| < 5Q, Viy = 1MVp-p 
Bandwidth 


-3dB |Zs| < 5Q, Vin = 1MVp-p 


over frequency range from DC to -1dB, 
Group Delay Deviation Ly = 0, Ry =0 ps 
(-0.5 dB as the reference) 


a 
<n 
Pci 

+ 
3 
z= 
> Zz 
=2p> 
5>r 
n 


Input Noise Voltage BW = 20MHz, Ly = 0, Ry = 0 nVAHz 


Input Noise Current i, ; ; pA/VHz 


Differential Input Capacitance Vin = 1mVp-p, f = 20-80MHz 


Differential Input Resistance Vin = 1mVp-p, f = 20-80MHz 


AC input where Ay is 90% of gain at 


Dynamic Range 0.2mVrms input 


Common Mode Rejection Ratio Vin = 100mVp-p @ 5MHz 


Power Supply Rejection Ratio 100mVp-p @ 5MHz on Vo a 
Unselected channe 

Channel Separation Vin = 20mMVp-p @ 
Vin = 0 cted he 


on se 
Output Offset Voltage Fr read 
/ 


RDX, RDY Common Mode Output Write Mode 
Voltage 


RDX, RDY Common Mode Output 
Voltage Difference Between Modes 


Single-Ended Output Resistance f= 5 MHz 


Output Current AC-coupled load, RDX to RDY 


1. Typical values are given at Vcc = 5V and Tay = 25°C. 
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SWITCHING CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified; ly = 10MA, fpata = 5MHz, Ly = 0.54uWH, Ry = 20, 
C, (RDX, RDY) < 20pF (see Figures 122 and 123). 


PARAMETER CONDITIONS 
R/W Read to Write Delay R/W to 90% ly 


R/W to 90% of 100mV, 10 MHz 


R/W Write to Read Delay ead dgnal envelope 


CS to 90% lw or 90% of 100mvV, 


CS Unselect to Select Delay 10MHz read signal envelope 


=| 
4 
= 
= 
oc 
Wu 
= 
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5V/12V PREAMPS 


CS Select to Unselect Delay CS to 10% of lw 


HSO - HS7 to 90% of 100mvV, 


BOO He? any Head Delay 10MHz read signal envelope 


WUS Safe to Unsafe Delay 


WUS Unsafe to Safe Delay lw = 10mA 


Head Current Propagation Ly = 0, Ry = 0, from 50% points 


50% duty cycle on WDI, 


1ns rise/fall time; L,=0, Ry = 0 
10% to 90% points, Ly=0 *« 


Ry=0, hy = 10mA 


10% to 90% Ne 
Head Current Rise/Fall Time ae 


r; 10% to 90% points, Ly, = 


© 
© Fas 10mA, Ry=202 


1. Typical values are given at Voc = 5V and T, = 25°C. 


Head Current Asymmetry 
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mm PANS 


WUS 


— tog 
HEAD 
CURRENT (ly) 
HnX-HnY 


Figure 122 Write Mode Timing Diagram for VM3600 
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Note: The write current polarity is toggled on each low to high transition of the expression (WDI - WDI). 
A preceding read operation initializes the WDFF so that upon entering the write mode, current flows into the “X” port. 


“A he 
_ = ex | 


ae P\) Pyso™ mat 


Figure 123 Write Mode Timing ee | 3600F (without write data flip flop) 


Note: The write current polarity is defined by the levels of WDI and WDI (shown in the expression WDI - WDI). 
For WDI>WDI current flows into the “X” port; for WDI<WDI current flows into the “Y” port. 
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TYPICAL APPLICATION CONNECTIONS 


HDOX GND 
£ | HDOY we il 
Rwe 
0.01uF iy HY 
RDX | {t= 
Read z a 
any id Output z ac 
1kQ l t 1kQ Fe 
LL = 
ale ‘NS 
~ ite) 
+10/12V 
aa Typical 
Servo Enable 
{ 3802 Configuration 
——————| 
10kQ 
WUS/SE [i 
vec Ls +5V 
z 0.1uF 
Note: The pin placements in the diagram are not meant to be exact and will vary ee ges. The connections shown will 
apply regardless of package variation. 
Application Notes: 
* For maximum stability, place the decoupling capacit n we resistor as close to the package pins as possible. 
* The voltage at the WUS/SE pin will clamp at t io ps above VCC. 
* The typical servo-enable configuration sho is presented as an example. Other supply and resistor values are possible, 
and the supply/resistor symbols show cou , isplayed as a 10 mA current source. 
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LIST OF SPECIFIC PART VARIATIONS 
(described on the following pages) 


PART VARIATION Page Location 


VM365N830 


VM365N830 (30-lead package) 


VM365N630 
VM365N430 
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<n 
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8-Channel Connection Diagram 


Hox C1 32 E> NC 
HOY C—j2 31 4 NC on 
H1X [3 30 E> GND a3 
H1Y (414 291-4 CS_ t= 
H2x [45 28 = R/W zc 
H2Y ——16 27 3 WG su 
H3X [17 26 |— RDY co 
H3Y (18 25 [=> RDX Ws 
H4x C19 24 [=> HSO Fa 
H4Y C— 10 23 [7 HS1 ak 
H5X Co 11 22 4 HS2 B 
H5Y [112 21 = 7 Vcc 
H6X C—] 13 20 > wo! 
H6Y ——1) 14 19 —— WDI 
H7X (115 18 74 WUS/SE 
H7Y [16 17 =4NC 

8-Channel 

32-lead VSOP 

VM365N830VSJ 

Specific Characteristics 
See the general data sheet for common specification information. ‘ 
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V M365 N 830 (30-lead package) 


8-Channel Connection Diagram 


HOX C—1 30-4 NC 
uo HOY ——72 29 [—— GND 
an) H1X (—13 281 cS 
RD ' H1Y 77714 27 [— > R/W 
Na H2X 415 26-7 WC 
oG H2Y —416 25 [= RDY 
Dea H3xX (117 24 [1 RDX 
m 5 H3Y —78 23 [= HSO 
= > H4xX 19 22(-> HS1 
>r H4Y 10 21 [= HS2 
(77) H5X C4111 20-2 VCC 

HS5Y (— 12 19 WD! 

H6X —— 13 18[—— WDI 

H6Y —— 14 17 [=> WUS/ 

H7X (15 16|—7 SE 

8-Channel 
30-lead SSOP 
VM365N830SS30J 


Specific Characteristics 
See the general data sheet for common specification information. 
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VM365N630 


6-Channel Connection Diagram 


HOX 1 24 5 GND 
HOY 2 23 [4 R/W o 
H1X 13 22 [7 WC 2s 
H1Y 4 21 [1 RDY 3 = 
H2X 5 20 [1 RDX Sw 
H2Y 6 19 [4 HSO co 
H3X 7 1g [4 Hs1 > 
H3Y 8 17 [9 Hs2 is 
H4X 9 16 (1 WD! aS 
H4Y 10 15 (1 WD! Re 
H5X 11 14 [= WUS/SE 
H5Y 12 13 [4 VCC 

6-Channel 

24-lead SSOP 

VM365N630SS 


Specific Characteristics 


See the general data sheet for common specification information. © 
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VM365N430 


4-Channel Connection Diagram 


7 GND 1 20 Cs_ 
<p HOX [| 2 199 RWW 
= ; HOY 3 181-4 we 
< mn H1X 4 17 RDY 
Uy H1Y 5 16(-1 RDX 
DE H2X 6 15-7 HSO 
>Z H2Y 7 147 Hs1 
=> H3X 8 13-7 wol 
o H3Y 9 12-1 wol 
VCC 10 11 {= WUS/SE 
4-Channel 
20-lead SSOP, VSOP 
VM365N430SSK 
VM365N430VSK 


Specific Characteristics 
See the general data sheet for common specification information. 
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w, 3 MIXED SIGNAL CIRCUITS 
KX VTC Inc. 


Value The Customer™ 


Mixed Signal Circuits 


VM65011 42.85 Mbits/sec Analog PRML Channel for Digital VHS Applications 3-3 
VM65015 19 Mbits/sec Analog PRML Channel for Digital VHS Applications 3-65 
VM65060 46 - 140 Mbits/sec Analog PRML Channel with 8/9 (0,4/4) Encoder/DDecoder 3-127 
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ADVANCE INFORMATION 


VM65011 


ANALOG PRML CHANNEL for 
DIGITAL VHS APPLICATIONS 


August 12, 1999 


FEATURES 


Sampled data read channel with maximum likelihood 
Viterbi detection 


* Programmable continuous-time filter with two 
independently-variable real zeros 


* Programmable five tap transversal filter for PR4 
equalization 


* Self-adapting option for FIR tap weights 

* Analog/sampled AGC 

* Fast timing recovery loop which locks to random data 
* Programmable data dropout detector 


« Automatic tracking frequency servo tone filters and 
demodulator 


* Programmable write current reference for Read/Write 
preamplifier 


« Register-programmable power management 
(<5 mW Power Down Mode) 


* Serial interface port for access to internal configuration 
registers to load and verify register contents 


* Single power supply (5V +10%) with optional 3.3 
output supply 


* Small footprint 64-pin PQFP “oe 


DESCRIPTION 

The VM65011 is a high performance BiCMOS read channel IC 
that provides all of the data processing needed to implement a 
Partial Response Maximum Likelihood (PRML) read channel for 
DVC systems with user data rates at 42.85 Mbps. 

BiCMOS process technology along with advanced circuit 
design techniques result in high performance devices with low 
power consumption. The part requires a single +5V power 
supply and is available in a 64-Lead PQFP package. 

Functional blocks include AGC, programmable continuous 
time filter, adaptive FIR filter, maximum likelihood Viterbi 
detector, 2-tone ATF servo processor and data dropout detector. 

Programmable functions such as filter cutoff/boost, FIR tap 
weights, adaption parameters, preamplifier write current, 
dropout detector gain and ATF gain are controlled by writing to 
the serial port registers. External component changes are 
required to change data rates. 

The VM65011 achieves an entire read channel with only two 
ICs when used in conjunction with a suitable preamplifier, such 
as the VM355435F. 

For additional information, call VTC. 


‘oY 
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CONNECTION DIAGRAM 


x 
Oo. oo & Z s rm 
Be OSH ORO Ako 
FrRFOEOOS>>OO0O0NHNA TA 
HONK OO 
64636261 60595857 565554535251 5049 
1e) 
DIP —1 48 (4 ADPHLD 
DIN (-42 47 (4 VDD 
VCC1 3 46 [> VSS 
VEE1 (44 45 [4 DO 
TPIP C15 44 [ STXT 
TPIN CJ6 43 [ XZ 
TP2P (47 42 [ DATA 
TP2N (48 41 [4 CLCK 
ATFOCP (19 40 | vcc2 
ATFOCN (410 39 [ VEE2 
NC [111 38 (=) VEE7 
NC (112 37 [) VCC8 
DIFREF [4 13 36 | VEE8 
STDIF (J 14 35 {- RTR 
vec3 (15 34 2 vec 
VEE3 (—} 16 ], 33 [-) VEE4 
1 1g 1021 22232425 262728293031 32 
UOUUOUUUUUCUUUeU 
SEEN COUSSRESS OGRE 
“SSeSEERSaEEBESS 
64-lead PQFP 
ABSOLUTE MAXIMUM RATINGS 
Power Supply Voltage 
Voc: Vpp utara aieaidvatatafafavaravesiapetath oiana'(alb\anarareibicearialsiana't ibesalartuajerstannieieia x -0.3V to +7V 
Input Voltages, Vcc referenced 
INPUT VONAGE... cic csisnnescceasendadedgassancoenens -0.3V to Voc + 0.3V 
Input Voltages, Vpp referenced 
Input Voltage ............ ce cecc cee cee ee eeeeeeeee eee -0.3V to Vpp + 0.3V 
Storage Temperature Tog .....-.-- eee -65°C to 150°C 
Junction Temperature Ty .....ccceeeceeseeeeeeeeeeeeeeseeaeeeeenes 150°C 
Thermal Impedance, Oj, 
Still All cide caied etdendeeang ctenpetsrecdmagnmeineesagaeenieded aeeeanetnanl 51°C/W 
200 format NOW ase ccsdineeuatesece atin sande wedeawnncame ails 38°C/W 
GOO TOM Air NOW: .tensecielecncicedunss Ha denecsaandiasdilee dans 27°C/W 
RECOMMENDED OPERATING CONDITIONS 
Power Supply Voltage 
Voc issue ots drasavt fad igk a)eceta,alevsincdraespaiays,esslassieagimnataya nabs baislaieee (eis eee einen eS SOels 4.5V to 5.5V 
Vop rissa faves pao fava a cpa eaves farm lnccfave ajay ave’a farms apvapayalanctalaae 3.0V to 5.5V 


Junction Temperature Ty 0°C to 125°C 


External Components 


Fis daca pantcncipeee ee hceceseiocencedc ena sentcate 3.5kQ to 12kQ 
= Gee re er te rere ye gee he 2.0kQ to 6kQ 
Bie eile ee cabaa lcci ionaetgis bacincasaessotintnint 4.0kQ to 32kQ 
Resr rasasesataveras lava cs diate sve cassie tnystnvata tcsitiacarale(tiate erase alareradela aie rainiinaresains 10kQ to 40kQ 


Be pce thctahiasonbce bate atl a seadesttcucataneuirteadien 10kQ to 40kQ 
Ri EGL QUiputsto Veg dctescsssvecsteveusecsstuceessenats 2002 to 1k 
R_ ECL Outputs to Veg -2Voeeeeecseseeseeeeeeseseseeens 502 to 1002 
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BLOCK DIAGRAM AND DESCRIPTION 


General 


Sampled data read channel with Viterbi detection 


Programmable continuous-time filter with two 
independently variable real zeros 


Programmable five tap transversal filter for PR4 
equalization 


Analog/decision-directed AGC 
Fast timing recovery loop which locks to random data 
Dropout detector 


Automatic tracking frequency servo tone filters and 
demodulator 


Register programmable power management (<5 mW 
Power Down Mode) 


Serial interface port for access to internal configuration 
registers to load and verify register contents 


Single power supply (5V +10%) with optional 3.3V CMOS 
output supply 


Small footprint 64-pin PQFP package 


Automatic Gain Control 


Dual mode AGC, analog during acquisition, decision- 
directed during read data 


Dual rate attack and decay charge pump for rapid AGC 
recovery 


Programmable, symmetric, charge pump curren in 


data read 

Charge pump currents track progra lla 

Low drift AGC hold circuitry 

Externally adjustable one-shot pulse width for Low Z control 


AGC hold, fast recovery, and AGC input impedance control 
signals 


Wide bandwidth, precision full-wave rectifier 


Low Pass Filter/Equalizer 


Programmable, 7-pole, 0.05° equiripple continuous time 
filter used for PR4 shaping 


Programmable cutoff frequency of 5 to 15MHz 
Programmable boost/equalization of 0 to 13dB 
Programmable group delay of +30% 


Minimal size and power 


FIR Filter/Equalizer 


3-4 


Five-tap adaptive filter 
Individual tap adjustment for fine equalization to PR4 target 
No external components required 


ADP hold function controlled by external pin or internal 6T 
detector 


990812 


Maximum Likelihood Detector 


Sampled Viterbi detection of signal equalized to PR4 
Programmable threshold window 
Survival register length of 10 or 21 


Excess zeros counter monitoring consecutive recovered 
data zeros to aid in tape dropout detection 


Timing Recovery 


Single external capacitor required 


Fast Acquisition, sampled-data phase-locked loop which 
locks to random data 


Decision-directed clock recovery from data samples 
Programmable damping ratio 


Automatic Tracking Frequency 


Phase-locked loop to select 465kHz and 697.5kHz servo 
tones buried in the data spectrum 


Programmable VGA to compensate for head and signal 
variations 


Front end bandpass with gain and test output 
Low-tone gai stment capability for channel response 
compe 
t difference amplifier with separate bias pin allowing 
tial measurement 


> 0 burst output indicator with programmable threshold 
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Figure 124 VM65011 Block Diagram 
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DEFINITIONS AND ABBREVIATIONS 


AGC Automatic Gain Control 
ATF Automatic Tracking Frequency 
Biquad Combination of two integrator stages to produce a two-pole filter element 
BiCMOS Bipolar and CMOS technology 
BW Bandwidth 
CMOS Complementary Metal Oxide Semiconductor 
CTF Continuous Time Filter 
DAG Digital to Analog Converter 
DLL Delay Locked Loop A PLL with a variable delay cell rather than a VCO. Phase is variable but not frequency 
DO Dropout 
DVCR Digital Video Cassette Recorder 
ECL Emitter-Coupled Logic 
EQ Equalization 
FET Field Effect Transistor 
FIR Finite Impulse Response 
fom Feet Per Minute 
fo Center Frequency 
fe Cutoff Frequency 
= fs Sample Frequency A 
2 fi Om-C Transconductance-capacitor integrator stage used in fi A 
e n IC Integrated Circuit A 
a 2 Ky VCO gain in MHz/V \Y 
Z Kyco VCO gain in Mrad/V ‘@) 
LPF Low-Pass Filter & 
LSB Least Significant Bit 
LMS Least Mean Squar 
Mbps Megabits per => 
ML Maximum Likelihood 
MSB Most Significant Bit 
PGC Programmable Gain Control 
PLL Phase-Locked Loop 
PR Partial Response 
PRML Partial Response Maximum Likelihood, a type of data recovery 
PQFP Plastic Quad Flat Pack 
RM Read Mode 
TTL Transistor-Transistor Logic 
VCO Voltage Controlled Oscillator 
VCR Video Cassette Recorder 
VGA Variable Gain Amplifier 
VITTH Viterbi Detector Threshold Voltage 
VTHDO Dropout Detector Threshold Voltage 
VTHST Servo STXT output Threshold Voltage 
VTHTR Timing Recovery Threshold Voltage 
Vopd Peak-to-Peak Differential Voltage 
WM Write Mode 
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BLOCK-BY-BLOCK FUNCTIONAL DESCRIPTION 

The VM65011 implements a complete high performance PR4 read channel. The VM65011 includes an AGC, programmable 
continuous-time filter/equalizer, programmable FIR filter/equalizer with adaptation circuitry, Viterbi algorithm maximum likelihood (ML) 
detector, decision-directed clock recovery, automatic tracking frequency (ATF) servo tone filters and demodulator, and a write current 
reference for the read/write preamp. A three-wire serial interface is provided to configure the internal storage registers. 


Gain Control 

The Gain Control section of the VM65011 consists of a wide-band variable gain amplifier (VGA) with an input impedance switch, a 
programmable continuous time filter, charge pump, amplitude detector, and exponentiator. A block diagram is shown in Figure 125. 
The Gain Control has two modes: automatic (AGC), and programmable (PGC) gain control. The mode of the Gain Control is selected 
by the PGCEN control register bit such that PGCEN='0’ defines the AGC mode and PGCEN='1’ defines PGC mode. Gain Control is 
active during Read mode (RM) or Idle mode, defined by setting the WG pin to a ‘0’. 

The automatic gain control (AGC) circuit is used to maintain a constant signal amplitude at the output of the continuous time filter 
while the input is allowed to vary over a 10:1 range. During signal acquisition an analog AGC loop is used to insure quick convergence 
to the correct signal amplitude. In Tracking mode a sampled/decision- directed closed loop AGC is used for improved accuracy. The 
programmable gain control (PGC) circuit is used for test purposes to control the VGA gain with an internal DAC. In PGC mode the 
AGC loop is disabled, and the VGA gain is a linear function of the DAC count. The read signal is externally AC coupled into the VGA 
amplifier on the DIP/DIN pins. The gain of the VGA is controlled by the voltage stored on the Cagc hold capacitor. The read signal is 
amplified and equalized by the continuous time filter. The output of the filter, FNP/FNN, is internally AC coupled, creating the FAP/FAN 
signal, which connects to an amplitude detector and the FIR filter. The continuous-time AGC loop locks the differential peak-to-peak 
voltage at FAP/FAN to Veq=0.5V pq for inputs ranging from 30-300MV 55g. 


DOGCHO, DOGCH1 


> DP@ Fip Continuous ENP | FAP ne 
Z Switch Time T i 
A o FIR Filter 
> DIN@ FIN Filter FAN jo 


Amplitude 
Detector 


From Preamp 


Decision 
Amplitude 
Detector 


To Timing Recovery Loop 


i] 


Figure 125 Gain Control Block Diagram 


Test modes are provided in which the filter outputs, FNP/FNN, the VGA inputs and outputs, DIP/DIN, VGAP/VGAN, and the dropout 
detector outputs DRP/DRN, are multiplexed to the TP2P/TP2N output pins. 

The analog AGC loop consists of the VGA, programmable continuous time filter (CTF), amplitude detector, exponentiator, and an 
external capacitor Cagc charged by a dual rate charge pump for fast transient recovery. Charge (or decay) currents increase the 
capacitor voltage Vcagc and increase the VGA gain while discharge (attack) currents lower the capacitor voltage Vcagc and reduce 
the VGA gain. The magnitude of the charge pump currents are controlled by various timing signals and DAC settings. In general when 
anew track of data is read the part enters a fast acquisition mode (FAQ) where the loop enters a continuous AGC mode and the charge 
pump currents take on high (fast) values to increase the loop gain and reduce lock time. After a time-out period Trgp set by external 
resistor Regp the loop enters a normal continuous AGC mode and the charge pump currents take on low or normal values. After 
another time-out period set by an internal counter counting a programmable number of clock periods, the loop switches into a sampled 
high gain mode and the charge pump currents are set to their sampled high gain values. Finally a second clock-period counter switches 
the loop into a sampled low gain mode with a set of sampled low gain currents. Figure 126 and Figure 127 show the timing for the 
AGC loop and Table 181 shows the various charge pump currents referred to in the following discussion. 
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Charge pa! lanc: Vea<100% 
an eae lquec initially | larc: Vea<100% | — lanp: Vea>100% | Igu=lgnco-(6+Kgqpi) lauslgne Kean 
until Veq>100%) larp: Vea>100% larp: Vea>125% _ |Charge = Discharge| Charge = Discharge 
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Figure 127 Read Mode Timing Diagram, RG=1 
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Table 181AGC Charge Pump Operation 
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Mode AGC Loop Event TFAQ | DHBW | SQPI Discharge Current Charge Current 
LOwz HOLD ee x x | xx 0 0 
HOLD HOLD HLD=1 XX XX XX 0 0 
Fast Acq. | Continuous | DO "\_ 
High BW) | Veax100% |X 0 x 0 lourc=160-lanc 
initially 
Veq>100% 0 XX lqrp=144-lanc 0 
Veq<100% 0 xx 0 larc=9-lonc 
ae | ee ee x Jouro-16o 
Veq>100% | X 1 sa lonp=18-lonc 0 
Veqr125% | X 1 XX lorp=144-lanc 0 
Veq<100% | X 1 xx Ee lonc=1.2/(20-Rae) 
pig Continuous een 0 X <e 0 lone 
Veq>100% | 0 lonn=18-lonc 0 
Veq>125% qo XX lorp=144-lanc 0 
Sampled Sampled AGC ae X 00 IQu=6-lanc Iqu=6-lanc 
(uigh (e) 00 lau=7 lanc laH=7lanc 
Gain) 
01 lqu=8-lanc lqu=8-lanc 
10 lQH=9-lanc lqH=9-lanc 
Tracking Sampled PLL _/- Xx Xx 00 0 0 
(Low Gain) 
01 lar=lanc lac=lanc 
10 lar=2-lanc lar=2-lanc 
11 la.=3-lanc lar=3-lanc 


For the normal continuous AGC mode the normal charge current Iqnc charges Cagc for Vea < 100% of the target value. The value 
of lanc is set by an external resistor connected between the RAF pin and VEE1, given by the following equation 
lee 1.2V 
20-Rap 
Rar also sets the continuous time filter cutoff frequency. For a data rate of 41.85MHz, Rag should be set to 6kQ. This will yield an 


lanc Of 10HA. Cage should be set to 820pF nominally. 
If 100% < Veq < 125% the normal discharge current Iqnp is active which equals18X the normal charge current as given by 


(eq. 92) 


For Rar=6kQ Ignp=180uA. The normal attack rate is thus 18X the normal decay rate. If Ve, > 125%, a fast discharge current lgrp 
is active which equals 8X the normal discharge current, or 144X the normal charge current. Igrp is given by 
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The fast attack rate is thus 144X the normal decay rate. For Rar=6kQ Iqep=1.44mA. 
In the fast acquisition mode the charge current is increased to 9X times its normal value and the discharge current is forced to its 
fast value for all values of Ve, > 100%, not just those >125% 


For Rar=6kQ Iqec=90uA. In addition there is an “ultra fast” charge current Iqyurc equal to 160X the normal charge current. Iqugc is 
active only on the initial charge up in the fast acquisition mode. Once Ve, has exceeded 100%, Iqurc is disabled and if Ve, drops 
back below 100%, the fast charge current Iggc¢ will be active 


lourc= 160 - lonc (eq. 96) 


A read cycle can be initiated in one of three ways: A positive transition on RG, a positive or negative transition on HDSEL while 
RG='1’, or a negative transition on DO while RG=’1.’ A timing diagram for the AGC read cycle in read mode (pin RG=’1’) is shown in 
Figure 126. The read cycle is initiated by a negative transition on the DO output indicating that a dropout in the data has been detected 
by the dropout detector (see Dropout Detector). A data dropout occurs between tracks when either the scanner wraps around from 
the end of one track to the beginning of another during normal play mode, or when scanning across tracks during a fast forward or 
rewind “trick” mode (see Figure 145 for an illustration of the scanner and heads). During normal play mode there is typically a head 
switch during the dropout indicated by a polarity change on the HDSEL input pin. To avoid transients associated with the head switch 
from being injected into the part, the part is put into a “LOWZ” mode where the VGA gain is squelched to 0 and the input impedance 
is reduced by 10X. An internal one-shot signal LOWZ defines the LOWZ mode and is initiated each time HDSEL is switched. The width 
of this pulse T, 7 is set by an external resistor, Riz, connected between pins RLZ and VEE1 as e by 


Tz = 0.075 -Rpz (eq. 97) 


where R,.z is measured in kQ. and ‘en, © 


R,z should nominally be set to 20kQ which sets T,7 to 1.5us. After LOW. “ay aa is returned to its normal level 
and the VGA gain is no longer squelched. A second VGA followed by a p eee is used to detect dropouts in the input data, as 
occur between tracks or at the beginning or end of a track ( ah an i, etector). 

When a dropout is detected, the DO output is switched hig arge pump output is disabled causing the Cagc capacitor to 
hold its voltage. When the dropout detector ses no i DO switches low and the charge pump output is again enabled, 
allowing the loop to reacquire lock to the new d e held ste voltage as an initial condition. The loop then normally enters 
the fast acquisition mode (FAQ) where the a ging current Iqugc increases the VGA gain at 160 times the normal decay 
rate until Ve, exceeds 100% of the targ Eaitee the loop response is determined by the fast charging current Igr¢ and the 
fast discharging current Igep. External r sr sets a time-out period T-sp after which the loop will automatically switch back to the 
normal mode. Trsp is given by 


Trsr = 0.075 - Resp (eq. 98) 


where Resp is measured in kQ. and Trgp is in us. 


Resp should nominally be set to 20kQ which sets Trgp to 1.5us. If HDSEL is switched at a time other than during a dropout, the FAQ 
mode will be initiated on the falling edge of LOWZ, as shown in the middle sequence of Figure 126. Also shown is the case where a 
dropout occurs without a HDSEL switch where the Cage voltage is held and a fast acquisition sequence is initiated, but there is no 
LOWZ condition. Only a transition on HDSEL will create a LOWZ condition, but the FAQ mode and subsequent read cycle occurs with 
either the falling edge of LOWZ or the falling edge of DO. 

If control register bit TFAQ is set to a ‘1’, the loop will stay in the fast acquisition mode, ignoring the FAQ pulse and not switching to 
normal mode until TFAQ is set to a ‘0’. This is to facilitate testing of the fast acquisition mode. If serial register bit DHBW (disable high 
bandwidth) is set to a ‘1’, the FAQ mode still charges initially at the “ultra fast” rate, but then switches to the normal charge and 
discharge currents (or fast discharge current if Ve, > 125% of the target value as described above) immediately without waiting for 
FAQ to go low, thus effectively eliminating the fast acquisition (or high bandwidth) mode. Another test bit HLD when set to a ‘1’ forces 
the charge pump into a hold mode. 

The sampled AGC loop consists of the VGA, programmable continuous time filter, sampling 7-tap FIR equalizer, decision amplitude 
detector and charge pump, and exponentiator. Symmetrical charge and discharge currents are utilized in the sampled mode. A sample 
is considered a ‘1’ if its amplitude exceeds 50% of 0.71-Ve, otherwise it is a ‘0’. Sampled 0’s are ignored by the loop, while sampled 
1’s charge Cagc if the sample is below 0.71-Ve, and discharge Cag if the sample exceeds 0.71 Vea. The magnitude of the charge 
and discharge currents are equal and take on a value of Igy in the high gain, or acquisition, mode; and Iq, in the low gain, or tracking, 
mode. 

A negative transition on DO initiates an acquisition sequence where the AGC and timing recovery loops eventually switch into a 
sampled mode. An acquisition counter begins on the falling edge of FAQ as shown in Figure 127. An internal READ signal is generated 
after 16 periods of the timing recovery VCO have elapsed. The 16 periods are referred to as two bytes times, since that is the amount 
of data read in this time period if the timing recovery loop were to be already locked. The AGC loop transition into high gain sampled 
mode and the PLL transition into tracking mode are based on two programmable sync field counters, the AGC SF counter and the PLL 
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SF counter respectively, which are started when READ transitions high. The AGC SF count is determined by one of four programmable 
counts of 4, 5, 7, or 9 byte times. The AGCSFC 2-bit word in the control register sets the byte count, and after counting the proper 
number of VCO clock cycles, internal signal AGC transitions high and the AGC loop switches into sampled mode with the charge pump 
in the high gain mode (see Dropout Detector). Similarly, the PLL SF count is programmed by the 2-bit PLLSFC control register word 
to 0, 1, 2 or 3 byte times following the AGC SF count at which time Internal signal PLL goes high. At this time the sampled AGC charge 
pump switches to the low gain mode. The PLL transitions from idle to acquisition mode when READ goes high. The PLL remains in 
acquisition mode through the sum of both the AGC SF and PLL SF counts, whereupon, it transitions into the tracking mode. Table 182 
shows the sync field counts corresponding to each AGCSFC and PLLSFC value. 


Table 182Sync Field Counts 


wecne | “Sm | [rue | SRE 
ne 4 00 0 
01 5 01 1 
10 7 10 2 
11 9 14 3 


The sampled charge pump currents Iq, and Igy are controlled by the SQPI(1:0) control register bits whose value is represented as 
Kgap and varies from 0 to 3. 


Tor = Tonc : Ksgpy (eq. 99) 
lou — lor +6: lonc= xc 6 Be (eq. 100) 


So, for Rar=6kQ., Iq, will equal 0-30pA, and Igy will be to 60-90U/A. The 
shown below in Table 181. 


ge pump operation for all the various AGC modes is 


The VGA has an exponential characteristic of gain v s voltage in order to minimize response time over the entire range 
of input voltages. The Equation (eq. 101) expresses t normal mode gain (Ay), in Volts/Volts, as an exponential function of the 
control voltage on the selected CAGC pin wh ax) IS 46V/V and Vcagc nominally ranges from1.4V to 2.8V. 

(“ks ease) 
“ 0.53V 
Ay= Avvimax 7e (eq. 101) 


When in the PGC mode, the amplitude detector, charge pump, and exponentiator are disabled, and the gain of the VGA is controlled 
by the PGC control register. The VGA has a linear gain versus DAC count and is expressed by the following equation 


Ay= 2.24+42.8-Kpoc (eq. 102) 


where Avis in V/V and Kpgg is the value of the PGC(3:0) control word which ranges between 0 and 15. 


PGC mode is used primarily for test. 


Dropout Detector 

In parallel with the normal signal path is a separate analog signal path for detecting signal “dropouts”. The dropout detector, shown 
in Figure 125, consists of a variable gain amplifier (VGAD) with programmable gain followed by a peak detector with an external 
holding capacitor, Cpo, and internal decay current Ipo. The signal envelope, Vpx, is compared to a fixed threshold, Vtypo which 
equals 0.25V. Vpx is set via the 4-bit programmable VGAD gain and should be nominally set to 0.5V, which is 6dB above Vrypo. Note 
that both Vp, and Vrypo are single-ended peak voltages which are equal to one fourth their peak-to-peak differential equivalents. 
When the signal envelope decays below Vrypo, indicating that the input level is half its normal value, the DO pin goes high. This should 
only occur when the scanner switches heads between the end of one track and the beginning of another, or between tracks when in 
search mode. This condition is referred to as a dropout and is used to initiate a new read cycle as illustrated in Figure 127. The decay 
rate is determined by Cpo and a 2-bit programmable decay current, Ipo, given by 


_ 0.12 
Ibo ~ R 


. Kipo (eq. 103) 
AF 


where Kipg is controlled by the IDO(1:0) bits in the serial control register as shown in Table 183. 


Rar is the value of the same external resistor that sets the AGC charge pump currents and the filter cutoff frequency. 
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Note that Kjpo is not just the decimal equivalent of IDO(1:0). With Rar set to 6kQ, lpg ranges from 40-200 1A. This results in a decay 
time Tpop which will vary with the choice of Cpo according to 


(Vpx — Vrupo ~ 9.02) - Coo 
Tpop = ai ai (eq. 104) 
DO 

The effect of the decay rate is to delay the DO output by an amount Tpop such that if short dropouts occur before Vp, has decayed 
to Vrypo. a dropout will not be detected. When a dropout is detected, DO goes high, the AGC gain is held, and the PLL switches to 
idle mode. When the normal data levels are again detected, DO immediately transitions back to a low level without delay, and the AGC 
fast acquisition and PLL lock-to-data sequences are initiated. A data dropout does not squelch the VGA gain nor reduce the input 
impedance. This happens only during a head switch as explained in Gain Control. Table 183 shows the values of Tpop vs. the IDO(1:0) 
DAC setting for fixed values of Vpx, Vrypo:; Rar and Cpo. 


Table 183Dropout Detector Decay Time Tpo 
IDO(1:0) 


The dropout gain is programmed via the DOGCHO and DOGCH1 4-bit control registers. The appropriate register is selected with the 
head select pin, HDSEL. This allows independent programming for the differe dc eristics. HDSEL selects parameters for 
HeadO or Head1 from one of two register banks. Setting HDSEL low sele e 0 registers while setting HDSEL high selects 
Head1 registers. Parameters varied by HDSEL are the continuous time fil ff, group delay, boost, the dropout gain, and the ATF 
gain. The dropout gain is given by 


pocc) (eq. 105) 
where Kpgac is the value of HO or DOGCH1 register setting and varies between 0 and 15. 


Av is measured in V/V, not dB. 


This gain is used to calculate the val k given by 


= 0.33-Ay- Vp; —-0.04V (eq. 106) 


where Vp, is the peak-to-peak differential input voltage and Vp is the single ended peak voltage. 


For a given value of Vp), Ay should be chosen such that Vp,x=0.5V, corresponding to a DRP,N VGAD output of 1.64V,,4. For 
example with a 100MV_pq input signal a DOGC setting of 4 will produce a gain of 16.5, yielding a VGA output of 1.65V gp, and a Vp, 
of 0.505V. (Note the factor of 0.33 in (eq. 106). Normally to convert peak-to-peak differential to single-ended peak there is a scaling 
factor of 0.25. The peak detector used here actually has a gain of 1.32 and thus the 0.25 conversion is actually 0.33). 


Continuous Time Low-pass Filter/Equalizer 

The filter is implemented as a 7-pole, 0.05 degree linear phase, equiripple low pass continuous time filter (CTF). The cutoff 
frequency, boost, and DC group delay are each individually programmable. The basic building block for the filter is the integrator (gm- 
C) stage which consists of a transconductance amplifier driving an on-chip capacitor. Four g,,-C stages and two capacitors 
interconnected as shown in Figure 128 form a biquad, which has a second order transfer function as shown in (eq. 107) below. 


Vi m1 


m1 


m3 


m2 


Vo 


Figure 128 Biquad Block Diagram 
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2 
Vo = en (eq. 107) 
Ve ge s(@,/Q,) + wo. 
where, 
Nem & NEm1°& 
@, es re m2 and On = ml m3 
Em2 


Three of these biquads and a single integrating gm-C stage are cascaded to form a seven-pole low pass filter as shown in Figure 
129. Boost, or pulse slimming, is implemented by feeding the filter input through two variable gain (or multiplying) stages to the 
normally grounded terminals of the capacitors of the gm-C stage in the first and second biquads. Mathematically boost adds zeros to 
the overall filter transfer function which is shown in (eq. 108) below. 


Fo DAC GM Control 
& Biasing LPFBYP 


RLZ, RFSR TI 
From VGA ist 2nd 3rd Fy) tL» FAP/N 


ai Integrator AC coupling -—> 0 


iquad Biquad Biquad 


| 3s > FNP/N 
BOOST DAC > 


MULT 


Figure 129 Filter Block Diagram '@) 


2 2 2 
2 
Mie. ro Wo —Bs — as Wo. 03 {ON as, 
y= s° +s(@.,/Q Q Ss” + §(@5/Qy5) + Oe Ss” + §(@p2/Q,3) + Op S+ Oy) 
o1/ Zor 027 Yo2 02 03” Ros 03 


where, Ay = -3.20B, ®g= 2nf¢, 
Fc = programmable filter cutoff frequency (FCH1, FCHO) 

a = programmable symmetric zero coefficient (BSTH1, BSTHO) 
B = programmable asymmetric zero coefficient (GDH1, GDHO) 
@91= 1.148-09, Qo = 0.681 
@g2= 1.718-Wg, Qgp= 1.114 
W93= 2.31709, Qo3= 2.022 
@g4= 0.861-09 

Note that the filter has an attenuation factor of -3.2dB. The filter output is coupled to the FIR filter and full-wave rectifier through on- 
chip coupling capacitors to reduce the effect of offsets in the filter as shown in Figure 124. The low frequency pole associated with the 
coupling capacitors is set nominally to 20kHz. 

Cutoff frequency is controlled by one of two continuous time filter f¢ DAC’s and a current set by the external Rar resistor. The control 
word for the DAC is read from either the FCHO or FCH1 register depending on the value of HDSEL. Cutoff frequency (fc), in MHz, is 
related to the binary control word by the following equation 
a8: 

Rap 
where Kc is the value of either the FCHO(5:0) or FCH1(5:0) control words and ranges between 0 and 63, and 


(eq. 109) 


fo = (0.15 - Kyo + 5.0): 


Rar is kQ. (Rar is the same external resistor that sets the Gain Control charging currents.) 


Group delay for an ideal 0.05 degree equiripple filter is flat within one percent out to twice the unboosted cutoff frequency. Because 
group delay is extremely sensitive to device mismatches and parasitic effects, a “real” filter will have variations of several percent. 
Group delay flatness is defined as the variation about an average value out to the specified frequency. The VM65011 group delay 
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flatness is specified to be less then 4% out to 1.5 times the unboosted cutoff frequency. It is expressed in percent because the group 
delay is inversely related to the unboosted cutoff frequency, and is about 46ns at a cutoff of 1OMHz. Thus at this cutoff frequency, the 
group delay varies by less than 2ns out to 20MHz. A typical group delay is shown in Figure 130. 


48.0 


47.0 


Average 


46.0 


45.0 


GROUP DELAY (ns) 


es eee ees Oona ce A eee 


CS ee: orem oe 


10 15 A 
FREQUENC ) 
y % 


wr 


42.0 


Figure 130 Typical Group Delay of AGC and Filter (with f 0 


The absolute group delay through the Gain Control b al ilter consists of both a fixed delay and a delay that varies inversely 
with cutoff frequency. The group delay Tgp, in nanos , is expressed as (eq. 110) 
Se 
@) GD = + f ns (eq. 110) 
C 


where f¢ is the filter cutoff frequency in MHz. 


A graph of (eq. 110) is shown in Figure 131. 
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Figure 131 Typical Group Delay vs. Cutoff Frequency 


Setting the desired boost through the boost control register bits (with the group delay register set to zero) produces symmetric zeros 
on the real axis (a in (eq. 108)). This maintains the constant group delay as in the no-boost case. The amount of boost equalization 
depends on the value output of either the BSTHO0(4:0) or BSTH1(4:0) control register words, depending upon the value of HDSEL. 
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Boost is programmable from 0 to 13dB as measured from the low-frequency gain portion of the frequency domain transfer function to 
the peak in the transfer function. Figure 132 shows two normalized filter response curves, one with no boost and the other with 
maximum boost. Shown are the unboosted and boosted cutoff frequencies and the frequency where the filter response peaks, defined 
as the gain peak frequency, fpeax- Figure 133 shows the nominal relationship between the BST control word and the resulting boost 
level relative to the DC level. Notice the absence of peaking when BST is below 8. In this region the bandwidth is pushed out but the 
gain doesn’t peak above the DC level. 
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Figure 133 Filter Boost Control 


Figure 134 shows the effect of boost on the cutoff frequency. With maximum boost the cutoff frequency is over triple the unboosted 
value. Also shown is the gain peak frequency, fpeak, which for maximum boost achieves a value of over 1.5 that of the unboosted 
response. Figure 135 displays the same data as Figure 134 plotted against the resultant boost value rather then the DAC code. 
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Figure 134 Normalized Cutoff and Gain Peak Frequencies vs. Code 
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Figure 135 Normalized Cutoff and Gain Peak Frequencies vs. Boost 


Group delay can be varied by +30% from the symmetric zero condition via control DACs in the serial control register. There are two 
sets of group delay DAC register bits, GDH0(5:0) and GDH1(5:0), corresponding to each head chosen via the HDSEL pin. The group 
delay registers can be used to produce asymmetry in the zeros causing the group delay to vary with frequency (B in (eq. 108)). This 
can be desirable to compensate for asymmetry in the heads/media components. The group delay registers are six bits wide and are 
represented in two’s complement format. A code of +31 corresponds to a DC shift in group delay of +30%; a code of -32 corresponds 
to -30% shift in DC group delay. The percent shift in DC group delay can be expressed as 


T 
cy 100 = 0.95 - Kgp (eq. 111) 
6D; 


where Kgp is the value of the 6-bit GDHO or GDH control word. 
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The boost is held nearly constant as group delay is varied. This is accomplished by moving one zero in and the other zero out in 
frequency an equal amount. At zero boost, the zeros are at too. Therefore it is impossible to move one out as one is moved in. In this 
extreme case, it can be seen that the identical unboosted transfer characteristic cannot be maintained as group delay is varied. Figure 
136 shows the effect on group delay of programming the group delay register to zero and to the two extremes, and Figure 137 shows 
the effect on the magnitude response as the group delay register value varies over extremes and under several boost conditions. 
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Figure 137 Gain Variations with Different Boost and Group Delay Settings 


A test feature exists in the filter where a differential signal may be applied to the RLZ and RFSR input pins which can be input in 
place of the AC coupled filter output. Control register bit LPFBYP (Low Pass Filter BYPass) when set to a ‘1’ controls this output test 
MUX, as shown in Figure 129. The voltage level on both RLZ and RFSF should be kept above 2V to insure that the normal RLZ and 
RFSR bias circuitry remains off. 
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FIR Filter/Equalizer 

The FIR is a five tap transversal filter with independently controllable tap weights. Independent control provides both gain and phase 
adjustment of the input signal. The tap weights must be directly programmed into the serial registers’ weight vector locations 
designated FIRO through FIR4, which set tap weights Kg-Ky respectively. Taps 1 and 3 have two register each, one for each head. 
The HDSEL pin selects the appropriate register. HDSEL='0’ will select registers FIR1HO and FIR3HO for FIR1 and FIR3, and 
HDSEL='1’ will select registers FIR1H1 and FIR3H1 for FIR1 and FIR3. Taps 0, 2, and 4 are fixed for both heads. 

As with any sampled system the response is periodic in the frequency domain. The center tap provides a flat response over 
frequency. The inner set of taps adjacent to the center tap produce a periodic response that is sinusoidal in shape and repeats at 
multiples of the sampling frequency. The sampling frequency in this situation is the channel data rate. The outer set of taps, two delays 
away from the center tap, are periodic at half the sample frequency. The general frequency response for a given set of taps is given by 


(e!®")= (K_, + K,)cos(n@T) +j(K_, —K,) sin(n@T (eq. 112) 


Where n is the count away from the center tap, 
K,, is the gain of preceding taps, and 
K_, is the gain of past taps. 
The T term is the channel sample interval. 


This is the ideal response for a single set of taps. 
The net response for all the taps is the sum of each pair and the center tap is shown below: 


(eq. 113) 


The Figure 138 illustrates the possible gain variations achievable when symmetric taps are swept together over their allowable 


ranges, as listed in Table 184. 
The Hg term provides only a flat frequency response with varying values of gai sponse also includes finite bandwidth 
characteristics of the sampler. The sampler bandwidth is about 120 MHz a ve some effect on the frequency characteristics. 


The ideal gain limits for the taps are shown below. 
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Figure 138 FIR Symmetric Tap Frequency Response Curves 
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Table 184 FIR Tap Gain Settings 


Gain Range 


Actual bits 
Eff. bits 


Resolution (1/64)-1.25=19.56mV/V 


FIR Adaptation Circuit 

An adaptive system of any kind consists of a plant that performs some function (process, filter, etc.), a means of determining the 
performance of the plant, and an algorithm used to adjust the plant’s controls. The FIR Adaptation block uses a decision-directed error 
metric to quantify the system performance and a sequential binary Least Mean Squared (LMS) adaptation algorithm to adjust the tap 
weights. In this system the plant is the FIR and the plant controls are the outer tap weights. The center tap weight is not adjusted 


because it primarily controls the DC gain of the equalizer and that function is taken care of by the AGC block. 
Determining the performance of the equalizer can be done by subtracting the output of the FIR from the ideal PR4 data. This can be 


done if a known data pattern has been written to the disk or the ideal data has been externally supplied to the part. This adaptation 
circuit uses a decision-directed technique that estimates the ideal data stream from the actual data. A target response is generated 
from the data by quantizing the output of the FIR into three levels. Three levels are appropriate for a partial response system equalized 
for the PR4 response shape. In a PR4 system any single transition on the ia pro cies with one adjacent transition in a 
way that will produce three distinct voltage levels. After the FIR output has msn ua e appropriate ideal voltage value (+1, 0, 
-1) can then be subtracted from the output, which generates an estimate ignal. Decision- directed systems work well as 


long as the initial errors are not too large. One case that will cause ie e tap weights is when the amplitude is half or below 

half of what it should be. In this case all the weights as a b Coa more realistic cases convergence is not a problem. 

The system has been shown to converge for a signal c Our step response shapes with densities as high as 4bits/pw50 
for minimizing the magnitude of the errors produced by a system with 


with the initial outer taps set to zero. 

The LMS adaptation algorithm is a very rob 
respect to a target response. In sucha o-: are adjusted for each output bit of the channel. The algorithm iteratively 
adjusts each tap weight in the direction ould reduce the FIR output error based on the value held in its associated tap. This is 
done by multiplying the FIR output error by the value held in a given tap. For example, when the output is larger than the ideal positive 
output and the sample held at a given tap is positive, its gain would be decreased, and this would have the effect of reducing the error 
in that instance. The basic tap weight update recursion is defined by: 


Wk = Wk-1+2-U-€&_,-CK-1 (eq. 114) 


The terms Wx.; and Cx.; are 5-element vectors with Wx.; containing the tap weights of the FIR and Cx.; containing the sample 
values held at each tap of the FIR. yw is a gain term which sets the overall loop gain of the adaptive feedback system, and E,.; is the 
error in the output of the FIR at the current time “K-1” which is computed by 


Ex, = dx_1-Yx_1 (eq. 115) 


The dx.; term is the ideal data at the time “K-1” and Y,.; is the FIR output at that time. When decision-directed adaptation is 
employed, dx. is replaced by an estimate of the ideal data (+1, 0, -1). 

The procedure that is employed by this circuit is a modification of the basic LMS concept. It maintains many of the key features and 
yet greatly reduces implementation complexity in order to minimize power consumption and die area. The basic approach is to 
incrementally adapt one weight at a time, based on an average of several LMS update samples, and then repeat this process for each 
successive weight in a cyclic fashion for a complete read cycle. In this system there is a digitally controlled FIR and the tap weights 
can only be adjusted in discrete steps, one bit at a time. This sets p for the part at the value of one LSB which equals 0.0195. The 
multiplication of the tap values with the output errors is replaced by a binary multiplication. The sign of that operation indicates whether 
to increment or decrement the tap weight. Averaging the individual updates is used to prevent instabilities and a dead zone is used to 
reduce the amount of tap weight wander once the steady state values have been reached. An option is available to force symmetrical 
tap weight adaptation to prevent timing recovery/FIR interactions. 
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Figure 139 Sequential Binary Least Mean sus 
The final adaptation equation becomes 


N 
y sgn(€x 445)" sgn(CK -145) 


Wk Wk-14/09.9 4, Kb (ea. 116) 


The adaptation process starts after a read operation has been initiated and the internal READ signal has gone high (see Figure 127 
on page 8). At this time the initial tap weight address is loaded into an address counter. When the internal PLL signal goes high, 
indicating that the timing recovery loop has transitioned from acquisition to tracking mode, the first tap weight value is loaded into an 
up/down counter and the averaging process begins. Once the integration time has been reached, the tap update command is latched. 
The current tap weight is processed and then written back to the serial register. The tap weight address counter is incremented and 
the next tap weight is loaded. This process continues until a READ cycle ends either through the deassertion of RG, the detection of 
a dropout, or a transition on HDSEL. It should be noted that since the part is accessing the serial registers during adaptation, the user 
should NOT attempt any serial register operation while RG is asserted (and DO is low) and the AE bit set. 
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Figure 140 Self adaptation circuitry 


Key Features of the Adaptive FIR Filter 
Adaptation Control Test: ACTST 

Two bit control for the output of the integrator that forces either an up, hold, or down count. This is primarily a test feature for the 
adaptation control logic. ‘00’ specifies normal operation, ‘01’ specifies an UP count, ‘10’ a DOWN count, & ‘11’ specifies hold. The 
ADPHLD external pin when set to a ‘1’ will force ACTST into state ‘11’ allowing the user to hold the adaptation and freeze the tap 
weights at their current values without having to write through the serial register. 
Adaptation Enable: AE 

When set to a ‘1’ the AE control register bit enables the adaption circuitry. It can not be modified during an adaptation read cycle. 
Dead Zone: DZ 

Two bit control that specifies the adaption threshold. With ideal tap weight settings, the adaption algorithm will randomly integrate 
the error signal up and down. Without a dead zone, the tap weights would be changing continuously. The dead zone DAC allows a 
programmable window inside of which no weights are adapted. Only if there is a net integration in one direction exceeding a 
programmable threshold, will the tap weight update. The threshold is set in a symmetrical manner as a percentage of the integration 
length. A DZ value of ‘00’ sets the threshold equal to 35% of the integration length. For example with an integration length of 12 and 
a DZ value of ‘00’, the tap weight will not adapt unless there is a net up or down integration for at least 4.2 clock cycles. A value of ‘01’ 
sets a 50% threshold (6 clock cycles with INTL set to 12), ‘10’ sets a 65% threshold (7.8 clock cycles), and ‘11’ sets an 80% threshold 
(9.6 clock cycles). If there aren’t enough up or down commands to exceed the threshold within the integration length time, the system 
simply holds the current value for that tap during this cycle. 
Integration Length: INTL 

Two bit control that selects between 12 (INTL='00’),15(‘01’),18(‘10’), or 21(‘11’) as the number of samples to average for each update 
cycle. 
Initial Tap Weight: ITW 

Two bit word which selects the specific tap to be adapted first. The adaptation would normally proceed in the following order for an 
ITW value of ‘000’: Kg, Ky, Ky, Kg, Ko, Kg, Ky, Kg, etc. As ITW is incremented by one bit the first tap adapted rotates to the next in the 
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sequence. The relative order of the tap weights remains the same. Thus ITW=’01’ starts with Ky, ITW='10' starts with K, and ITW='11’ 
starts with Kg. This option allows a sector to be re-read and each tap weight adapted on a different set of data (see Table 191 for the 
complete ITW bit mapping). 

Tap Weight Range: TWR 

Two bit control of tap weight range. If all four taps are to be adjusted this value should be set to ‘00’. By setting this value to ‘01’ 
through ‘11’, a reduced range of taps will be adjusted. The taps that aren’t adjusted are still active but are held at their preprogrammed 
values. With TWR set to ‘00’ the tap weight pointer counts from ‘0’ to ‘3’ then rolls back to ‘0’, where ‘0’ selects Kg, ‘1’ selects Ky, ‘2’ 
selects K;, and ‘3’ selects K3. Incrementing TRW by one bit reduces number of taps adjusted by starting the count at a value other 
than ‘0’ and counting to ‘3’ before rolling back to the starting count value. Thus for TRW set to ‘01’ the count starts at ‘1’ and only taps 
Ky, Ky, and Kg are adapted. For TRW='10’ only taps K; and Kg are adapted. With TWR set to ‘11’, only tap Kg is adapted. 

Tap weights can be written and read by the controller. Thus the initial tap weight values can be preset near their optimal values and 
the final values can be read back after each adaption read cycle. The final taps weights remain as the initial tap weights for subsequent 
read cycles. 

DZ and INTL Selection 

Proper selection of DZ and INTL can allow for rapid adaptation or for slow, stable system tracking. 
Symmetry control: SYMC 

This is a two bit control that selects a specific set of taps to be controlled in a symmetrical manner. If SYMC is set to ‘00’ the inner 
two taps (K; & Kg) are symmetrically adjusted whereas the rest are independently adapted. The adaptation is done in a ping-pong 
fashion where the two weights are changed simultaneously in two alternating cycles based on the value held first in one tap and then 
in the other. This type of adaptation is not as robust as a true LMS routine and will require some care in selecting the training pattern. 
For SYMC = ‘01’ the two outer taps (Kg & Ky) are adjusted symmetrically, for SYMC='10’ both the inner and outer taps are adjusted 
symmetrically, and for SYMC='11’ none of the taps are symmetrically adjusted. 


Viterbi Detector 

The Viterbi detector implements the maximum likelihood (ML) detector for te, a of the Viterbi algorithm in the 
context of magnetic recording, see the article by Tom Matthews and pe te Integrated Analog CMOS Viterbi Detector 
for Digital Magnetic Recording”, IEEE Journal of Solid-State ne reonng ia ‘December 1993, pp. 1294-1302. 

The Viterbi detector block diagram is shown in Figure 141. T al (from the FIR filter via the timing recovery block) has 
been demultiplexed into the odd and even interleaves on cnn “This is shown in the diagram as the odd interleave signal 
and the even interleave signal. Each interleave of the eS runs at 1/2 the channel data rate. Note that the odd and even 
interleaves of the Viterbi detector are clocked o ases of the half rate data clock. Each interleave independently processes 
its data stream. The data streams from th rd interleaves are then multiplexed back together on a bit-by-bit basis to yield 
the recovered bit stream. 
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Figure 141 Viterbi Detector Block Diagram 


The Viterbi detector operates in the continuous amplitude, discrete time domain. This is also known as the sampled domain. The 
detector compares the sampled level of the analog waveform to the positive and negative thresholds established by the programmable 
Viterbi threshold window. The nominal Viterbi threshold window size is set by a 7-bit DAC which is controlled by the Viterbi DAC serial 
control register 7-bit word VIT as shown below. 


127 


where Ky,7 is the value of the VIT(6:0) Viterbi threshold DAC control word. 


K 
VITpy= 0.046 + 0.376 - ( i | (eq. 117) 
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Positive and negative thresholds in the Viterbi detector are modified based on the received data. The dynamic thresholds function 
to reject pulses of the same polarity as the most recent pulse, but of lesser amplitude. If a pulse of the same polarity as the most recent 
pulse exceeds the amplitude of the previous pulse, the one associated with the previous pulse (which is of lesser amplitude) is erased 
in the Viterbi detector’s path memory. The path memory only has the ability to erase these smaller pulses if ten or fewer zeroes within 
each interleave have occurred between the two pulses of the same polarity. The path memory contents are set to zero when the 
internal PLL signal is low (see Figure 127 on page 8), which is true for all times except during tracking mode. 

The AGC circuit adjusts the signal amplitude to +250 mV peak. Side sampling for PR4 produces a nominal sampled signal amplitude 
of +180 mV. This is a pseudo-ternary signal with the +1 levels equal to +180 mV and the zero level equal to 0 mV. Thus, the Viterbi 
threshold, VIT+y, is nominally set to 90 mV. Since the data is pseudo-ternary, the nominal Viterbi threshold window size is 2VITy,. An 
equation describing the Viterbi threshold is (eq. 117). 

Figure 142 shows a block diagram of a Viterbi detector interleave. The summing blocks, Sum0 and Sum1, each form two signals 
that are fed to the metric calculation block. Opposite polarities of the incoming data stream and the difference metric are used by Sum0 
and Sum1. The metric calculation block outputs the difference metric (which is fed back to the Sum0 and Sum1 blocks) and the two 
data streams that are used by the path memory block. One of these two data streams from the metric calculation block represents 1’s 
that come from positive pulses in the ternary data signal. The other data stream represents 1’s due to the negative pulses in the ternary 
data stream. Two 1’s in one of the data streams without an intervening 1 in the other data stream results in the path memory erasing 
the first of these two consecutive 1’s. A 0 results when neither of the two data streams is a 1. Decoding of the ternary signal is 
straightforward: a positive or negative pulse results in a 1; no pulse decodes to a 0. This decoding action can be thought of as undoing 
the precoding function. 
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Figure 142 Viterbi Interleave Block Diagram 


The Viterbi algorithm is a maximum likelihood detection technique. A conceptual description of the Viterbi algorithm follows. The data 
into the Viterbi detector is pseudo-ternary, that is, it has valid levels of 0 and +1. The Viterbi detector uses the fact that two pulses on 
an interleave of the same polarity must have a pulse of the opposite polarity between them. As long as pulses of alternating polarity 
are received by the Viterbi detector, it functions like a simple ternary slicer. 

The situation where two pulses on an interleave of the same polarity arrive without a pulse of the opposite polarity separating them 
can be divided into two cases: the first pulse is bigger than the second pulse or the second pulse is bigger than the first pulse. The 
Viterbi detector does not recognize the case where both pulses are of the same amplitude; it chooses one of the two pulses to be 
larger. For the following discussion, assume that two +1 pulses have occurred without a -1 pulse in between. 

The case where the second pulse is smaller is handled by the dynamic thresholds in the Viterbi detector. The first (larger) pulse pulls 
the positive threshold up. The following pulse is smaller and therefore won't cross the upper threshold, thereby rejecting the smaller 
of the two +1 pulses. 

The case where the second pulse is bigger than the first is handled by the path memory. The dynamic positive threshold is pulled 
up by the first +1 pulse and a 1 is output. The second +1 pulse comes along and exceeds the threshold set by the previous +1 pulse, 
causing a second 1 to be output to the path memory. The only way these two 1s in a row can be output is for the second pulse to be 
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bigger than the first. The path memory uses this fact and erases the first of these two ones. In order to do this erasure, the default path 
memory requires that no more than ten zeros occur between the two 1’s of the same polarity. Control register bit PML, when set to a 
‘1’, allows the path memory to be increased to 21. Control register bit PMBP allows the path memory to be bypassed for test purposes. 

After evaluating these two cases of consecutive pulses of the same polarity, the Viterbi algorithm can be seen to operate as a ternary 
slicer except when two consecutive pulses of the same polarity occur. When this situation happens, the Viterbi algorithm chooses the 
larger of these two pulses and treats the other as if it were a 0. 

The Viterbi detector has two sets of test signals: Vit Sig Odd and Vit Sig Evn; and Held Sig Odd and Held Sig Evn (see Table 192 
and Table 193). Vit Sig Odd and Vit Sig Evn are the inputs to either interleave of the Viterbi detector. These signals are held any time 
a ‘1’ is detected for purposes of computing the difference metric. The held signals are output as Held Sig Odd and Held Sig Evn. 

The Viterbi detector also has a programmable counter that counts the number of consecutive zeros occurring in the recovered data 
stream. If the number of consecutive zeros exceeds the count programmed with the EZCNT control register bits, the excess zeros 
(XZ) output pin is raised; the XZ pin stays in the high state until a valid 1 resets the counter and causes XZ to drop. This feature is 
intended to aid in the rapid detection of tape drop outs. The excess zero count EZC is equal to the value of the EZCNT(4:0) DAC as 
shown in (eq. 118) 


EZC = 0.5 + Kezcnt (eq. 118) 


where Kezenr Is the value of the EZCNT control word (0 to 31). 


EZC is always 1.5 clock cycles longer than the DAC setting. 


Timing Recovery Loop 
The timing recovery block uses a fully integrated, fast acquisition phase-locked loop (PLL) to implement clock recovery on the 

incoming data stream. A block diagram of the timing recovery system is shown in Figure 143. A voltage-controlled oscillator (VCO) 
generates a frequency which is divided by two and has its phase compared in a phase-frequency detector (PFD) with that of an input 
reference clock Frer, or with the signal data from the FIR, generating an error term or term is converted into a current in the 
charge pump which is integrated by an off-chip capacitor Crp connected differ: yt TRP and CTRN pins. The Imult block 
converts this capacitor voltage into an integral scaling factor which modul he current and is summed with the current output 
from the Pmult block which scales its current proportionally with the oop e detector output. The summed current controls 


ow 


the VCO frequency, thus forming a control loop 
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Figure 143 Timing Recovery Block Diagram 


Figure 127 on page 8 shows the timing for a read cycle. A low level on the internal READ signal defines idle mode which occurs 
during dropouts or when in Write Mode (WG pin high). In Idle mode the loop either locks to the external F,. signal through the phase/ 
frequency detector (PFD); or coasts, where the phase/frequency detector is disabled and the VCO runs open-loop. The control register 
bit COAST when set to a ‘1’ defines the coast mode. A read operation is initiated with a negative transition on the DO output. This 
defines acquisition mode where samples from the FIR filter are read by the decision-directed phase detector (DDPD) and an 
acquisition timing gradient algorithm is used to coarse align the data to ideal samples, as illustrated in Figure 143. Because the loop 
must acquire lock to random data, this acquisition timing gradient algorithm has limitations, so after a fixed time set by the PLL sync 
count the loop switches into tracking mode where a more precise locking algorithm is applied. The part stays in tracking mode until 
another dropout is detected where it switches back to idle mode. 

The goal in acquisition mode is to adjust the phase of the VCO clock to the point where the tracking timing gradient algorithm can 
track the data. Ideal PR4 data has three valid sample values, denoted +1, 0, and -1. The AGC loop and the two filters (CTF and FIR) 
should be set to equalize the data properly to produce these ideal sample values. It is the job of the timing recovery loop to adjust the 
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phase and frequency of the sampling clock to converge on these three levels. The acquisition algorithm slices each sample into one 
of three levels, based strictly on threshold voltages separating a ‘-1’ from a ‘0’ from a ‘+1’. These samples can be compared with the 
ideal samples and the phase adjusted accordingly. The decision-directed phase detector (DDPD) operates on sampled data in either 
an analog or quantized form to compute a timing gradient. Since initially the phase is random, it isn’t true that the closest ideal voltage 
level is necessarily the correct one. It is true, however, that any large transition in the data must have at least one ‘+1’ sample for a 
positive transition, and at least one ‘-1’ sample for a negative transition. To determine which direction to adjust the phase, the slope 
of the input waveform must be known, which can’t always be determined with sampled information only. Inspection of equalized PR4 
data, however, reveals the fact that two consecutive ‘+1’ samples or two consecutive ‘-1’ samples must have a peak between them 
and consequently a change in slope, and that a ‘+1’ followed by a ‘-1’ must have a negative slope, and a ‘-1’ followed by a ‘+1’ must 
have a positive slope. Any ‘0’ sample could have any slope and any ‘0’ sample preceding or following a ‘+1’ or ‘-1’ sample could have 
either slope. The acquisition timing gradient thus operates only on ‘+1’ and ‘-1’ samples. Two consecutive samples are taken and if 
they are both non-zero, their magnitudes and signs are compared. The signs determine the slope of the timing gradient and the 
magnitude of the timing gradient is equal to the difference in the samples magnitudes. All other cases are ignored. The phase error is 
proportional to the timing and the phase and frequency of the clock is adjusted appropriately to minimize the error. The acquisition 
timing gradient can be expressed mathematically as 


A a2 A 
AT, = —(¥q° Xn-1)° Xn t+ (¥g_ 1° Xn) + Xn-1 (eq. 119) 
where 


1<— y,2 Vrutr 


Xn = 49 ——-Voptr< Yq < Vea 
-1<y,<-Vrure ae 
The ‘y’ terms are the sampled analog values at the current or previous and the ‘x’ values are the quantized estimates 
of the ideal ‘y’ values. Vry7R is a threshold voltage equal to one os he i i voltage. 

After a sufficient number of clock periods it is assumed that algorithm has adjusted the phase of the clock to be “close 
enough” so that the DDPD can switch to the tracking aca mber is set by the AGC and PLL Sync Field counters described 


in Gain Control The tracking algorithm is similar to th algorithm comparing adjacent ‘+1’ or ‘-1’ samples to one another, 
but also compares ‘0’ samples to ideal ‘0’s w ples are adjacent to a ‘+1’ or ‘-1’. The tracking timing gradient is 


mathematically expressed as 
©: = (Yn Xn 1) + (Yn-4 . Xn) (eq. 120) 


where the ‘x’ values are given in (eq. 119). 


This algorithm will converge to a clock phase which produces only three possible sample levels. If the tracking algorithm were used 
for acquisition, there is a possibility that the loop will converge to a phase exactly 180° off. Thus two algorithms are needed. Note that 
both terms in (eq. 120) will be non-zero only if there are two successive ‘+1’s. Any ‘0’ data term will null out the sample adjacent to the 
‘0’. A ‘+1’ or ‘-1’ adjacent to a ‘0’ is used to determine the slope of the data and adjust the phase in the proper direction to move the 
sampled point closer to ‘0’. Note also the comparison between (eq. 119) and (eq. 120). Equation (eq. 119) has the squared terms to 
force the timing gradient to zero if either sample is a ‘0’. 

The external differential ECL input pins FDSP/N can be used in place of the VCO for test purposes by setting the CLKSEL control 
register bit to a ‘1.’ Several test signals are available out of the decision directed phase detector. A hardware simplification of the timing 
gradient splits the path into odd and even samples rather than into consecutive samples. Hence instead of yp, Yn-1, X, aNd Xp.1 available 
for test, Ye, Yo, Xe and X, are instead. The only difference is that each of the odd and even samples is held for two cycles. The sign of 
the timing gradient will invert with each cycle to account for the fact that the odd and even samples alternate between the n and n-1 
samples with each cycle. These same even and odd y samples are referred to VIT SIG O and VIT SIG E as they are also used in the 
odd and even interleaves in the Viterbi. Also available is the half-rate sampling clock SCLK (see Table 192 on page 42). 


Clock Recovery Loop Gains 

In the Idle/Write mode, the timing recovery loop is locked to an external reference which is running at the user data rate. The PFD 
outputs a pulse whose width is proportional to the phase/frequency difference of the loop’s phase input 6;, with respect to the timing 
recovery VCO’s phase output, 8, with the following relationship 


AVpp= Kpp - (8; - 9,) (eq. 121) 


where Kpp=0.125 V/rad. 


In read mode the timing recovery loop is updated via the DDPD. The phase detector output may still be modeled similar to that of 
Idle/Write mode except now the phase error is derived from either equation (eq. 119) or (eq. 120) where the phase error is proportional 
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to the magnitude of the voltage difference between the received sample and the ideal sample. To maintain the same phase detector 
gain Kpp of 0.125 V/rad as in Idle/Write mode, the timing gradient voltage must be gained up as shown below 


AVpp = 1.43: At, (eq. 122) 


The gain term allows equation (eq. 121) to be valid in Tracking mode as well. 

The charge pump (QPUMP) block produces a differential charging/discharging current across the external C+, capacitor 
proportional to the phase detector output. The QPUMP gain is a function of the timing recovery loop mode. When the loop is switched 
from acquisition to tracking, the gain of the QPUMP is reduced by a programmable factor of either 5 or 10. This ensures small changes 
in phase correction while in the tracking mode and thus the loop will be less susceptible to noise. 


Top = Smn° AVpp (eq. 123) 
where AV pp is given above and g,, equals 460,A/V in Idle, Write, or Acquisition mode 
and equals 115 A/V or 460 wA/V in Tracking mode. 


(Depending on the setting of the HGSEL bit in the control registers as shown in Table 6.) 


Table 185Charge Pump and Pmult Gains 


Mode HGSEL Om Kp 
Idle/Write X 460uA/V 1.0 
Acquisition Xx 460uA/V 1.0 


Tracking 0 115 A/V 0.5 ‘A 

1 460uA/V 1.0 a 4 
The charge pump pumps the current differentially into an externa Gn producing an integrated voltage AVtR across pins 
TRCP and TRCN. The IMULT block scales this voltage by [oe Cc s shown below 


(eq. 124) 
IMULT provides an integral gain term to the i f Co. 
The PMULT block provides a ae) to the VCO as shown in (eq. 125) 
127-K 
DAMP 
P = K,: | ————_ . 125 
P ( 127 ) (eq. 125) 


where Kpayp is the value of the seven bit damping DAC DAMP(6:0), and 
Kp is the proportional multiplier gain which equals 1.0 in Idle and Acquisition mode, and equals either 0.5, 0.25, or 1.0 in 
(Tracking mode depending on the setting of the HGSEL bit as shown in Table 6.) 
IReF is the reference current for the VCO and is set by connecting an external resistor Rta between pins RTR and VEE4, typically 
set to 2.5kQ 


I 1.25V ae 
REF — oe 
Ror 
The VCO center frequency is set by IRer 
fo = ky Iger (eq. 127) 


where k; is 167.4MHz/mA. 


The VCO output frequency is determined by summing the IMULT and PMULT terms, modulating the VCO about its center frequency. 
The VCO frequency can be expressed as 


fvco = fo: A+ky:(- AVepp + P+ AVpp)) (eq. 128) 
where ky is the VCO gain given by 


ky = 0.4V (eq. 129) 


The VCO is divided by 2 to create the timing recovery clock frequency frR 
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TR ~— 2 (eq. 130) 
Equations (eq. 121) through (eq. 130) can be combined and the closed loop response H(s) in the frequency domain can be 
expressed as 
=ESOnE i Ign ) 
0 2 PC 
H(s)= a a |e (eq. 131) 
9; e+ Rydolene % IgmKycoKpp 
2 Des 
where 


vco = 2%: fo: ky 


This along with the open loop response G(s) can be rewritten using the conventional control system second order loop parameters 


@n, ¢, t, and K as 
On. 


H(s)= 6. 7. eT (eq. 132) 
i gs +2C@,s+ @, 


7 ae 


G(s)= a (eq. 133) 


ere 


a. = TginKvcoKpp c ppCTR gx PCr oe a KvcoSppk won. f 
a OC rg 21g, Ig, 2 - . 


@, is known as the loop natural frequency, ¢ is the loop damping factor, t is the loop time constant, and K is the loop gain in rad/s, 
which is also referred to as the unity gain frequency, crossover frequency, or loop bandwidth. fc is the loop bandwidth (or loop gain) 
in Hz. Note that user programmable Kpayp, which controls the value of the PMULT gain P, controls both the gain K and damping factor 
¢. As the value of Kpamp is increased, the value of P is decreased and thus both the gain and damping factor are decreased. Only by 
selecting the value of the external capacitor Cyr can the relative ratio of gain to damping factor be controlled. 

When calculating loop stability, there is an additional phase shift which must be accounted for due to the time delay within both the 
FIR filter and DDPD associated with sampling. The FIR filter adds a delay of two clock cycles and the DDPD adds an additional two 
for a total delay of four timing recovery clock cycle delays. The phase shift in the frequency domain associated with a delay in the time 
domain is 


A® = -Q@.- to= —2nf-4T (eq. 134) 


where tg is the delay which in this case equals four times the data rate period T which equals 1/f rp. 


Phase margin ®p for the system can be derived by calculating the phase, or angle, of equation (eq. 133) and adding it to that of (eq. 
134) at the cutoff frequency f¢, and making several substitutions 


See aes é 
®, = tan (4C =e - 4-360 (eq. 135) 
TR 
where ®p is in degrees. 


The user needs to choose the damping factor ¢ and loop bandwidth fc. appropriately to achieve adequate phase margin for the 
system. The effect of the 4T phase shift can be significant for high values of fc. The user must choose the loop gain sufficiently low 
so that this phase shift does not adversely affect the loop stability. For example at a data rate of 41.85MHz a loop gain of 436kHz yields 
a A® of 15°. For a damping factor of 1.0 this creates 60° of phase margin. 

An additional factor must be accounted for in designing the loop dynamics and that is that both the acquisition and tracking timing 
gradient algorithms do not update the loop on every sample. In acquisition mode a ‘0’ sample causes no loop update and in tracking 
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mode consecutive ‘0’ samples cause no loop update. This has the same effect as increasing the VCO feedback divider (which is equal 
to 2 in this part) which lowers both the loop gain and damping factor as can be seen by equations (eq. 132) and (eq. 133). Because 
of this the nominal loop gain can be set much higher than that determined by phase margin calculations based on the assumption that 
the data is unlikely to have regions free of ‘0’ samples. Loop stability is really data dependent and the user should perform a statistical 
analysis with either simulation or real data before deciding upon final values for the various loop stability parameters. Favorable 
simulation results have been obtained on random data at 41.85MHz with C=2.2nF, Kpaymp=90, and TRGAIN='0’. 


Automatic Tracking Frequency (ATF) 

The ATF provides demodulation of two pilot tones used for servo control of the head position. Servo position information is 
embedded in the data spectrum on alternate tracks. Tracks are designated fo, fy and fo as shown in Figure 145. Two heads are 
mounted on a scanner which rotates the heads across the moving tape at an angle to produce a series of diagonal tracks. Alternating 
tracks are written with alternating heads. All tracks written with Head 0 are denoted fo while tracks written with Head1 are denoted 
either f, or fo. Each head writes with a different azimuth angle to minimize high frequency crosstalk between tracks. The data spectrum 
written on all tracks is relatively flat with the exception of two 50kHz wide notches placed at 465kHz and 697.5kHz which are derived 
by dividing the 41.85MHz F,r clock by either 60 or 90. On track fp these notches are >9dB deep. On tracks f; and fp the notches are 
>3dB deep. A16-19dB tone is mixed into the data at 465kHz on track f;, and at 697.5kHz on track fo. The resultant spectrum for track 
f1 is shown in Figure 144. These frequencies are low enough to be read by the head on the adjacent track. So, as Head 0 reads track 
fo, a fringe field from both f; an fo will be read. By comparing the relative magnitude of the f; tone with the fp tone, the scanner position 
can be servoed to stay in the middle of track fo. 

The tones are mixed into the data by controlling the encoding and scrambling of the data written. At the beginning of each track there 
is a preamble where the magnitude of the tones is 10dB higher than on the rest of the track. This area is referred to as the burst and 
lasts 88us. The magnitude of the fringe field read on track fp is 6dB lower than that read on tracks f; and fo. During normal tracking 
both the burst and normal region are read and used for servoing. During search mod known as trick mode), the tape is moved 
from 2x to 20x faster than in normal mode. A 10x mode is shown in Figure 145. th burst area in the beginning of tracks f, 
and f> is used by the servo system in search mode. A third mode known as edit m exists where only the burst region of track fg is 
read so that the remainder of the track can be overwritten with new daa 


/ 697.5kHz 


SLINDYID 


= 
* 
iu 
0 
2 
9 
2a 
> 
> 


16-19dB 


desired filter transfer e 


Figure 144 F, Pilot Tone characteristics 


ath of HeadO ath of Head1 ath of Head ath of Head 
af normal speed af normal speed Rt to spee Bt T0X speed 


EASE 


Figure 145 Tape Track Format 
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Figure 146 Automatic Tracking Frequency System Block Diagram 


A block diagram of the ATF system is shown in Figure 146. The signal passes through an initial gain stage and is then split into two 
paths, one for the 465kHz low tone, and the other for the 697.5kHz high tone. A bandpass filter is used in each path to improve the 
signal to noise ratio of the low-level tones. The bandpass output is amplified by a VGA whose nominal value is user programmable 
and is automatically switched by 6dB in search (or trick) mode. The low tone path has another VGA which allows the user to increase 
the low tone signal by 4.5dB +2.5dB to compensate for the channel response of the low tone relative to the high tone. Two phase- 
locked loops are used to pick the tones out of the data spectrum using the divided-down timing recovery VCO clock, a variable delay 
cell, analog multiplier and integrating loop filter. The timing recovery VCO runs at twice the timing recovery clock rate so that the proper 
divide ratios can be created in the ATF circuit (see Figure 143 on page 24). The fat signal normally equals the VCO frequency but 
also allows the FDSP/N input to be multiplexed in for test purposes. An analog multiplier mixes the input signal with the PLL clock and 
outputs sum and difference frequencies. The DC component is filtered out with a low-pass filter having a cutoff frequency which can 
be varied from 5 to 35kHz, thus passing only frequencies within a narrow range of the PLL frequency. Another VGA boosts the level 
of the low tone by a user-programmable amount which automatically switches by 10dB in search and edit modes. The two tone levels 
can be output on the ATFOCPYN test points directly, while the STDIF pin subtracts the two tone levels and outputs the difference along 
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with a DC bias level, which is available on pin DIFREF. Either tone level can be compared with a programmable threshold and output 
on the digital STXT pin which can be used for burst detection in search mode. 


Table 186STSEL ATF Mode Control 


STSEL STXT Mode Kpp Kip fe 
00 no tone track 2.0 (+6dB) 3.3 (+10dB) Lo 
01 low tone search (trick) 1.0 (OdB) 1.0 (OdB) Hi 
10 high tone search (trick) 1.0 (OdB) 1.0 (OdB) Hi 
11 both tones edit 2.0 (+6dB) 1.0 (OdB) Hi 


The 2-bit control register word STSEL(1:0) controls the mode in which the ATF operates, controls the STXT output signal, and sets 
the various VGA gains appropriately as shown in Table 186. For normal tracking of data, STSEL is set to ‘00’, no signal is output to 
STXT, the bandpass and lowpass VGA’s are set to their maximum values, and the PLL bandwidth and lowpass cutoff are set low. 
During trick or search mode, the STXT output is used to detect the burst region and either tone can be selected to be compared to a 
threshold and output on STXT. STSEL='01’ selects the low tone (track f;,) while setting STSEL to ‘10’ selects the high tone (track fo). 
The bandpass VGA is set 6dB lower than in track mode since the f,; and f> tracks are read directly in this mode rather than the by the 
fringe field on fo. The lowpass VGA is set 10dB lower to account for the increased signal in the burst, and the PLL bandwidth and 
lowpass cutoff are set high so that a servo signal output can be acquired within the 88us period of the burst. Finally, with STSEL set 
to ‘11’ the part is programmed for edit mode where both tone comparison outputs are output to STXT. The bandpass VGA is set high, 
the lowpass VGA is set low, and the PLL bandwidth and lowpass cutoff are set high since the burst on fo is being read. 

The input programmable VGA allows the user to customize the gain py fore ad. The value of the VGA gain Ay in V/V 
is given by 


= 40+1. —_ Ka (eq. 136) 


where Kargc is the value of either the GCH1 register setting (0 to 31). 


This allows the gain to be varied over the entire hn input yp” The logic level of the HDSEL pin selects the specific 
head register as it does for the other head-specific ee Gain Control on page 7). The bandpass filters have a signal input 
limit of 1.2V,,q and the user must be careful t nin registers to the appropriate values so that adequate signal level is 
obtained without overranging the filter in It foerpe limit the filter input to keep levels from latching the filter, the input signal 
must be below 1.2V,,q to maintain inca 

Each bandpass filter is implemented a -order Chebyshev leapfrog design centered at the tone frequency with a Q of 4.5, which 
produces nominally 0.5dB ripple in the passband, defined as the region between the -0.5dB rolloff frequencies, and has a roll-off of 
40dB/decade. A tuning loop consisting of an MOS biasing network driven with a current mirrored in from the timing recovery VCO is 
used to tune the center frequency of the bandpass. The tuning network compensates for process, temperature, power supply, and 
recovered clock frequency variations. A 3-bit DAC controlled by control register bits ATFFC(2:0) allows the center frequency of the 
bandpass to be varied ~+25% as shown in Table 187. Output pins ATFOCP/N provide a test point for the signal after the bandpass. 
An optional summer mixes the two bandpass tone outputs together. To activate ATFOCP/N the control register bit BMXEN must be 
set to a‘1’. Table 192 on page 42 shows the mapping of the ATFOCPIN test points with the ATFSEL control bit and HTSEL control bit. 


Table 187ATF Center Frequency DAC 


ATFFC(2:0) Afo 
011 +18.75% 
010 +12.5% 
001 +6.25% 
000 0% 
111 -6.25% 
110 -12.5% 
101 -18.75% 
100 -25% 
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The bandpass has a variable gain stage following it to allow the user to compensate for variations in the frequency content of the 
data. The VGA before the bandpass should be set for a 1.2Va5q input signal to the bandpass. The signal out of the bandpass will be 
on the order of mV’s depending upon the frequency spectrum of the input data. This signal needs to be amplified to 250MVp pq for the 
ATFOC test point output and to yield the proper loop gain for the PLL, since the PLL loop gain is signal dependent. Control register 
bits BPGC(3:0) control the bandpass VGA gain according to 


App = Kpp: (2.2 + 0.45 Kupgc) 


(eq. 137) 


where Kgpgc is the value of the 4-bit BPGC register setting (0 to 15), and 
Kgpis a bit controlled by contro! register word STSEL(1:0) and is set to ‘1’ in search(trick) and edit modes, and is set to ‘2’ in track mode (see Table 186). 


The low-tone path has an additional VGA which allows the channel response to be compensated for since the 465kHz tone will have 
an inherently lower amplitude than the 697.5kHz tone. Control register word LTG(2:0) allows the gain to be varied 4.5dB+2.5dB 
according to 


Ayr = 1.15 +0.164-Ki tg 


(eq. 138) 


where KLTG is the value of the 3-bit LTG(2:0) register word which can vary from 0 to 7. 


A phase-locked loop with an accurate center frequency and a restricted lock range can be used to lock onto a specific input frequency 
embedded in a spectrum of noise. The loop used here consists of an analog multiplier, a loop filter (or integrator), a variable delay 
circuit, a divide-by-4 circuit, and the timing recovery clock divided down by 30 for the high tone, and 45 for the low tone. The divide- 
by-4 is needed so that a quadrature component 90° out of phase can be generated (see further discussion below). The loop frequency 
is fixed and only the phase is varied through the 1-shot variable delay cell. The analog delay cell is controlled by the analog voltage 
output by the integrating loop filter, thus completing the loop. 

An analog multiplier output signal will go to zero when the two input signals are 90° out of phase, and have a maximum output 
proportional to signal amplitude at the sum and difference frequencies of the two inp n the two inputs are in phase. By using 
two multipliers, one set to 0° inside the loop used to lock onto the proper molded nd another set to -90°outside the loop, 
a signal can be generated with a level proportional to the input signal ampli frequency. Only difference signals within 
the lowpass cutoff frequency of the PLL frequency will be output. The lo vate si by a geometric ratioing of the lowpass 
components to that of the bandpass (and thus will change with the ATFFC Retina) ). The loop bandwidth (or loop gain) of the PLL 
is set to a frequency close to that of the lowpass so the 465 srk z tones will always be passed. The PLL bandwidth and 
lowpass cutoff frequencies are varied with mode as shown ia In search and edit modes, when acquiring lock during the 
burst, the PLL bandwidth and lowpass cutoff are user a the FCLP control register bits according to Table 188 which also 


shows the effective Q of the system. o> 


Table 188FCLP ATF Bandwidth Cont 


STSEL FCLP Mode PLL BW Lowpass fc | Low Tone Q | High Tone Q 
00 XX track 1kHz 5kHz 47 70 
00 00 search/edit 20kHz 20kHz 12 18 
00 01 25kHz 25kHz 9.3 14 
00 10 : 30kHz 30kHz Tt? 11.5 
00 11 35kHz 35kHz 6.6 10 


The low cutoff frequency of the lowpass and PLL puts restrictions on the transient response of the ATF. In the search and edit modes 
the ITI servo burst section is read which is only 88us in length. With FCLP the user can trade-off transient response of the system for 
Q, or system tracking accuracy. 

ATF demodulation initiates with the PLL signal from the timing recovery loop (see Figure 127 on page 8) which acts as an enable 
for the ATF system. Since the phase of the timing recovery clock is used to lock onto the data, it is important that the timing recovery 
clock is locked to the data before beginning ATF demodulation. To aid in transient response a zero-phase restart circuit is used to align 
the clock to the data. The zero-cross circuit detects the phase of the data signal and picks the divide-by-4 phase which is closest in 
phase to that of the data, thus minimizing the phase acquisition process. The divide-by 4 circuit has 4 possible phase outputs. The 
variable delay cell has limited range and depending on initial phase conditions the loop may try and converge to a phase which is a 
multiple of 27 away from the proper point. When the loop control voltage reaches an upper or lower bound, the control voltage is reset 
and the zero-phase restart signal reselects the phase, if the system is reading the burst in search or edit modes, which is determined 
by decoding the STSEL(1:0) signal (see Table 186). When the control voltage reaches its +m bound during ATF tracking, the voltage 
is reset to 0 and the output clock is inverted, thus shifting the phase by 27. 

The PLL multiplier output is lowpass filtered with a second-order lowpass filter to reject the sum frequency leaving only the difference 
frequency. The filtered tone output of each loop is amplified to the proper output levels by a fixed gain-of-3 gain stage before the 
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lowpass, and a variable gain stage after the lowpass. The LBGC control register word allows the user to vary the gain of the VGA 
according to 


Arp = K,p: (1.62 + 0.24 - K, pec) (eq. 139) 


where K, pac is the value of the 3-bit LPGC register setting (0 to 7), and 
K,pis a bit controlled by control register word STSEL(1:0) and is set to 1 in search and edit modes, or is set to 3.3 in track mode (see Table 186). 
This allows the lowpass gain to be automatically decreased when the burst in edit and search modes. 

The two filtered tone signals can be output on the ATFOCPYN test pins according to Table 192. In addition the difference between 
the two tones is output on the STDIF pin with a bias which is output on pin DIFREF, nominally set to 1.5V. When the two tone 
magnitudes are equal, the STDIF output level will equal that of DIFREF. As the scanner position is moved off of center towards the 
low tone f;, the level of STDIF will increase, and as the scanner moves toward fp the STDIF level will decrease. Gains are set such 
that a maximum signal read by Head0 in the burst area will be +1.5V about the 1.5V reference. This would correspond to the scanner 
being completely off track and reading the middle of the f, or fo track. The normal tracking level would be 1.5V, which is equal to the 
1.5V bias plus the difference of the f; and fo signals, whose levels are now reduced to 238mV since there is a 10dB difference between 
the burst and normal area. The STDIF output stage has a gain of 3. Thus, for an output swing of 1.5V, only 500mV,, will be seen at 
the lowpass VGA outputs. the user must insure through the settings of the various VGA’s that the VGA output does not exceed 
500MV pg. 

An additional output STXT compares the output of either tone or both tones with a threshold controlled by the 3-bit serial control 
register word ATFT. This is used for position detection under search mode. By setting this threshold higher than the normal mode 
maximum output level, but lower than that of the 10dB servo burst, the STXT pin will pulse high when a servo burst is read. Control 
bits STSEL(1:0) select the tone according to Table 186. Eq. 140 shows the STXT threshold Vrys7 as a function of the ATFT DAC 
value KatET 


Vrust = 0.254- (1 +0.016- anes (eq. 140) 
where Kater is the value of the 3-bit control register a 7). 
Note that Vrys57 is compared against the lowpass VGA outputs which KO itude of the final STDIF output. 

The control register test bit ATFTST, when set to a ‘1’, allows EC ea aria y circuit to be bypassed and the divided clock 
frequency multiplexed directly into the divide-by-4 block. If CL ’, the external FDSP/N input will replace the timing 
recovery clock output and be the source clock for the ATF 4 Liss this clock can be controlled and used to test the multiplier 
in an open loop configuration. The SELSH1 ray VO. current reference for the variable delay cell1-shot circuit. With 


20. in EL1SH='1’ the current for the delay cell is fixed and will not vary with 
data rate. This feature is included primarily fo | purposes and it is recommended to the user to leave SEL1SH set to ‘0’. 

Table 192 in TEST MODES shows the i hich are available on the various test points. The ATFOCPYN output is controlled 
by the control register word ATFSEL(2: ontrol register bit HTSEL. This MUX output is also available on test point TP1P/N when 
control bit TP1SEL is set to 7. Available FOC are the input VGA VGATF Out, the 2 bandpass VGA outputs BP, 7 and BPy7, the 
PLL multiplier outputs MLTyy7 and MLT_-, the PLL control voltages Veit and Voy, and the lowpass VGA outputs LP; + and LPyz. The 
divide-by-15 clock is available on the ECL test point TP4. CMOS test pointsCT1 and CT2 can be set to output the divide-by-2 and 
divide-by-3 input clocks CLK; + and CLKj7, the variable delay outputs t,7 and tyy7, the divide-by-4 clock output CLK, 7 and CLKy-7, 
and the control voltage reset signals RST, 7 and RSTyr. 

An alternative architecture is available by setting the control register bit RECT to a ‘1.’ This puts the part into the rectifier mode where 
the phase-locked loop is bypassed and the bandpass VGA output is sliced and used as the clock input to the multiplier. The multiplier 
will act as a rectifier in this configuration and the lowpass will filter out the high frequencies leaving only the DC level. This mode can 
be used as an alternative when reading the burst where transient response is a concern, but due to the low Q of the bandpass, tracking 
performance will suffer. This feature exists primarily to quantify the performance of the PLL and is not the recommended mode of 
operation for the part. 

The control register bit DATF when set to a ‘1’ will disable power to the ATF circuitry. 


SEL1SH='0’ the delay will track the timing recov 
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Mode Control and Power Management 

The fundamental operating modes are controlled by power down (PD), and read gate (RG). If PD is high, the entire chip is powered 
down. If PD and RG are all low the part is in idle mode where the AGC loop locks to input data, the timing recovery loop locks to the 
reference, and the FIR and Viterbi detector are powered down. If PD is low and RG is high, the part is in read mode, behaving as 
described in Gain Control. Both read mode and write mode are asynchronous states and may be initiated or terminated at any time. 
A power reduction bit PREN in the control register when set to a ‘1’ causes the FIR, Viterbi, and decision-directed phase detector 
(DDPD) to power down in idle and write mode. A summary of the Mode Control is shown below in Table 189. The ATF circuitry may 
be powered off by setting the DATF control register bit to a ‘1’. 


Table 189Mode Control 


PD PREN RG MODE 

1 X X Entire chip powered down, serial port still functional 
0 0 0 IDLE mode, all blocks powered on 

0 0 1 READ mode, all blocks powered on 

0 1 0 IDLE mode, FIR, Viterbi, DDPD powered off 

0 1 1 READ mode, all blocks powered on 


Digital Control 
Programmable control of the chip is performed through a serial digital interface and a 16 word,12-bit wide register file. Control 


information is stored in the register file and used directly as digital control lines or sen e of the onboard DACs to create analog 

control signals. The interface consists of three CMOS-level signals for Dy SPL and enable. Upon asserting SPEN, the [iF 
serial port is enabled and ready for input on SPDATA which is clocked by SPCLK. The SPDATA line provides the read/write, address Fa 
and data information. The Head Select pin selects between two parameter st for either HeadO or Head1. Oo 
a a 
SPEN- = 

® ® o@\ Sl ge 

SPCLK - wip Tu(SPEN) 


SPDATA - ZZ 8 KAB_X ATX AEX AEX BE_ XBOX DT BEDI KDI KDE MDE YYW“). 


>| |< 


Ts(SPDATA) SPDATA) 
Ts(SPEN) 
SPEN - 
© © ©) Toc HO 
SPCLK - 
sPOATA [= 1S GCC CG CGC 
—| | / : ; : ; ; 
Toen Tppp 


Figure 147 Serial Interface Load & Readback Timing 
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Table 190Programmable Register Bit Allocation 


Reg. Data Bit 
Addr. rr 10 9 8 7 6 5 4 3 2 1 0 
0 PGC: Prog. Gain Control SQPI FIRO: FIR Tap 0 reserved 
1 IDO: Ipo control DODEN | TMXSEL | RECT TFAQ FIR4: FIR Tap 4 reserved 
2 GDHO: CTF Data Group Delay, Head 0 FIR1HO: FIR Tap 1, Head 0 
3 GDH1: CTF Data Group Delay, Head 1 FIR1H1: FIR Tap 1, Head 1 
4 LPGC: ATF lowpass Gain Cntrl DATF PGCEN | DHBW FIR3HO: FIR Tap 3, Head 0 
5 BPGC: ATF Bandpass Gain Cnitrl FCLP: ATF LP Fe FIR3H1: FIR Tap 3, Head 1 
6 LTG: ATF Low Tone Gain STSEL TC13 TC2 FIR2: FIR Tap 2 
7 ATFFC: ATF cutoff frequency | reserved | TRKSEL | HGSEL | SLEEP PRST | DISOSC | DACx2 | DISRST | PMBP 
8 ATFT: ATF Threshold DAC SEL1SH | ATFTST VIT: Viterbi Threshold DAC 
9 ATFSEL: ATF Mux Select SYMC DAMP: Damping Ratio DAC 
10 EZCNT: Excess Zeros Count LPFBYP | PDTST ELT CLKSEL | DISFAST | COAST PREN 
o = 11 HLD FCHO: CTF Data Fc, Head 0 THO: CTF Data Boost, Head 0 
3 o 12 CMXEN FCH1: CTF Data Fc, Head 1 BSTH1: CTF Data Boost, Head 1 
a 2 13 ATGCHO: ATF Gain, Head 0 etector Gain, Head 0 | TP1SEL: TP1 Test Mux Select 
Z 14 ATGCH1: ATF Gain, Head 1 ~ Detector Gain, Head 1 TSEL: Test Mux Select 
15 FRQ ls DPLL BMXEN AGCSFC PLLSFC 
24 AE DZ ITW ACTST TWR 
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Table 191Serial Register Bit Descriptions 


Description 


FIRO: FIR Outer Tap 0, 2’s complement 


\/ 
VM6501 1 & 


Ky = 0.0195 -Kpipgy inv 
16 <Kripo < 15 


SQPI: AGC Sampled charge pump current DAC 


Ig = lonc . Kg opr 
0 < Kgqp) <3, IQne = 1-2/(20-Rar) 


PGC: Programmable gain control DAC 


Ay = 2.24+2.8-Kpgc inwv 
0 <Kpgc <15 


FIR4: FIR Outer Tap 4, 2’s complement 


K, = 0.0195 - Kerp inv 
16 <Keipy < 15 


TFAQ: Test Fast Acquisition. Allows for testing of 
ultra fast decay current. 


0: Normal Mode 
1: Test Mode (Fast Acquisition always on) 


RECT: Puts ATF into Rectifier mode where the 
bandpass output is input directly into the low-pass, 
bypassing the PLL 


0: Normal ATF PLL mode 
1: ATF Rectifier mode 


TMXSEL: ATF Band-pass / Low-pass Filter Test 
Mode 


0: Disable 
1: Enable 


DOD: Drop Out Detect 


IDO: DropOut detector decay current am 
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10: 100nA 
11: 200uA 


FIR1HO: FIR ronne , 2's complement 


Kto13 = 0.3125 for TC13=0 
Kte13 = 0 for TC13=1 
BPS Keg 


GDHO: Continuous time filter Group Delay, Head 0, 
2’s complement 


GDpc = 0.95 = Kepuo in% 


-82 < Kenn $31 


FIR1H1: FIR Inner Tap 1, Head 1, 2’s complement 


K, = (0.0195 - Kerp iy) —Kpey3 inv 
Kte13 = 0.3125 for TC13=0 

Ktc13 = 0 for TC13=1 

BPSK est 


GDH1: Continuous time filter Group Delay, Head 1, 
2’s complement 
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Table 191Serial Register Bit Descriptions 


Description 


FIR3HO: FIR Inner Tap 3, Head 0, 2’s complement 


K, = (0.0195 -Kprsuo) —Kye 3 #W 
Kte13 = 0.3125 for TC13=0 

Ktc13 = 0 for TC13=1 

-32 < KFiR3HO <31 
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DHBW: Disable High Bandwidth Mode of AGC. 
Forces FAQ to remain low. 
(See Figure 126 and Figure 127) 


0: Normal Mode 
1: Disable high bandwidth 


PGCEN: Programmable gain control enable for 
VGA. Allows the VGA gain to be adjusted through 
PGC DAC. 


0: Normal Mode (AGC loop active) 
1: Programmable Gain Mode 


DATF: Disable ATF. Allows ATF circuitry to be dis- 
abled and powered off. 


0: ATF circuitry enabled 
1: ATF circuitry disabled and powered off 


LPGC: ATF Low Pass Gain Control. Sets gain of 
both ATF lowpass VGA’s. Used to compensate for 
tone difference between burst and tracking section 
of data. 


Ay = Kyp: 3+ (1.67+ 0.23 - Kp pgc)in 
VN 

0 <K.pgc <7,K_p = 3.3 in track mode 

K_p =1.0 in trick/edit mode 


3 ate * KRerr3n) — Krei3 nw 
K 5 for TC13=0 

i. TC13=1 

Q< 


FIRSH1 <31 


FIR3H1: FIR Inner Tap 3, Head 1, 2’s complement 
FCLP: Cutoff Frequency of ATF Low P rd 
PLL. Allows PLL loop gain and lowpa ff fre- 


quencies of both tones to be s a ode. 


00: f¢ = 20kHz 
01: f¢ = 25kHz 
10: f¢ = 30kHz 
11: fo = 35kHz 


BPGC: ATF ban trol. Allows VGA 
following both ba outputs to be set to com- 
pensate for tone level differences between track f0 
and tracks f1/f. 


Ay = Kgp: (2.2 + 0.45 - Kgpgc) inv 
0 <Kgpcgc <15,Kgp = 2.0 in track/edit mode 
Kpp =1.0 in trick mode 


FIR2: FIR Center Tap 2 


Ktco =1.094 for TC2=0 
Ktco =0.7 for TC2=1 
O< KFiR2 <31 


TC2: Tap Centering, 2" tap. Controls gain offset in 
FIR center tap (tap 2). 


0: Normal Mode1.09 < Kp < 1.7 
1: Test ModeO < Ky < 0.7 


TC13: Tap Centering, 18 and 3 taps. Controls 
gain offset in FIR taps 1 and 3. 


0: Normal Mode-0.937 < K;,K3 < +0.293 
1: Test Mode-0.625 < K;,K3 < +0.605 
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STSEL: Servo tone select. Selects servo tone to 
be compared against ATF threshold. Comparator 
output appears on STXT pin. Also defines the user 
mode as tracking, insert, or trick and adjusts the 
VGA gains and ATF PLL and lowpass bandwidth. 


Tone Mode BPG LPG 
00 None Track +6dB  +10dB 
01 Low Trick 0dB 0dB 
10 High Trick 0dB 0dB 
11 Both Edit +6dB 0OdB 


LTG: Low Tone Gain. Sets Gain of VGA following 
low tone bandpass VGA. Allows channel response 
difference between the two tones to be compen- 
sated for. 


Ay = 1.15 +0.164-K, ;in vv 


0<Kit@<7 
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Table 191Serial Register Bit Descriptions 


Description 


PMBP: Path Memory Bypass. Allows the path 
memory to be bypassed in the Viterbi detector. 


\/ 
VM6501 1 & 


: Normal Viterbi Path length 
: Viterbi Path Length = 0 


DISRST: Disable DLL Filter Reset. ATF filter 
caps never reset when = 1. 


: Enable Reset 
: Disable Reset 


DACX2: Double Offset Cancellation Range. 
Double range of DISOSC from 0 to 60mV 
to 0 to +120mV. 


: Disable 
: Enable 


DISOSC: ATF Offset Cancellation. Offset 
cancellation at lowpass VGA output. 


: Enable 
: Disable 


PRST: Programmable Reset. Allows internal flip 
flops to be reset for test purposes. A ‘1’ forces a 
reset, a ‘0’ releases the reset. 


: Normal Mode 
: Resets flip flops 


SLEEP: Enables low power sleep mode. 


: Normal (Powered On) Mode 
: Power Off Mode 


HGSEL: High Gain Select. Allows timing recovery 
charge pump g,, and PMULT gain P 
to stay at the higher acquisition values in tracking 


: Normal Mode 
: Acq. Kp used in Tracking Mode 


mode. 


mode. 
TRKSEL: Tracking Select. Forces the timing a ners Mode 
ent in acquisition mode to that used in tr. cm ‘Tracking mode timing gradient used in 


acquisition mode 


ATFFC: ATF bandpass and lo uU re- 
quency DAC, 2’s comp 


See Table 187 


VIT: Viterbi way 


K 
VIT py = 0.047 + 0.376( 37") in Volts 


0 <Kyq < 127 


ATFTST: AFT Test Mode. Disables variable delay 
cell in PLL allowing external clock to vary phase 
(provided CLKSEL=1). 


0 = Normal Mode 
1 = ATF Test Mode, variable delay disabled 


SEL1SH: Selects current reference for ATF 
1-shot 


0: 1-shot current from 0 TC voltage reference 
1: 1-shot current from TR VCO 


ATFT: ATF threshold DAC. Sets threshold level for 
comparator whose output appears on STXT pin. 
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Table 191Serial Register Bit Descriptions 


Description 


DAMP: Damping Ratio DAC 


0 <Kpamps 127 

Kp= P-multiplier gain 

Kyco = VCO gain 

Kpp= Phase detector gain (PFD in non-data 
mode, DDPD in data mode) 

C = Value of external capacitor CtR 

| = |-multiplier gain 

Om = QPUMP gain 
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SYMC: Symmetric Control: Determines which if 
any of the taps will be symmetrically adjusted. See 
FIR Filter/Equalizer on page 18 for details. 


00: (1 & 3) symmetric 
01: (0 & 4) symmetric 
10: (1 & 3) & (0 & 4) symmetric 
11: no taps symmetric 


ATFSEL: ATF Mux Select. Selects various analog 
signals to be Muxed into the 
ATFOCPYIN pins. 


See oe 


PREN: Power Reduction Enable. Allows the ce blocks powered on in write/idle mode 
ore F 


Viterbi and Decision-directed phase det 
(DDPD) to power off in write mode an 


IR/Viterbi/DDPD powered off in write/idle 
mode 


COAST: Disables phase d erin recov- 
ery loop -.\ the lo ering a drop- 
out 


0: Phase detector enabled (Normal Mode) 
1: Phase detector disabled (Coast Mode) 


DISFAST: =... ast Acquisition. Fast 
acquisition sets DLL to High Bandwidth for 70ms 
after PLLN goes low in track mode. 


: Enable Fast Acquisition 
: Disable Fast Acquisition 


CLKSEL: Clock Select. Allows external FDSP/N 
input to replace timing recovery VCO. 


: TIming Recovery VCO (Normal Mode) 
: External FDSP/N input 


SELTE: Selects timing error output as either the 
DDPD output or AC coupled filter output, which 
typically is set by the RLZ/RFSR input through 
LPFBYP. 


: DDPD Timing Error (Normal Mode) 
: AC Coupled filter output (Test Mode) 


PDTST: Phase Detector Test. Allows AC coupled 
filter output to be input directly into decision 
directed phase detector input, bypassing the FIR. 
When used with LPFBYP allows external DC sig- 
nal on RLZ and RFSR to be used as DDPD inputs 


: Normal Mode 
: Bypass FIR 


LPFBYP: Low Pass Filter Bypass. Allows differen- 
tial test signal to be input after the internal AC Cou- 
pling Caps. The differential test signal is input on 
the RLZ and RFSR pins at a level >2V. 


: Normal Mode 
: Test Mode (lowpass filter bypassed) 
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EZCNT: Excess zeros count. 


EZC = Kezenr 
0 < Kezont <31 
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Table 191Serial Register Bit Descriptions 


Description 


BSTHO: Continuous time filter Boost, Head 0 


\/ 
VM6501 1 oS 


See Figure 132 on page 15 


FCHO: Cutoff Frequency of continuous time LPF 
for Head 0 


6 inMHz 


f. = (0.2 ‘Kecyo + 5)- 


R 
F AF 
O< KEcHO < 63, Rar in kQ 


HLD: Hold mode for AGC and timing recovery 
loops. 


0: Normal operation. 

1: Both AGC and timing recovery loops forced 
into a hold (coast) mode. Intended for coasting 
over thermal asperities. 


BSTH1: Continuous time filter boost, Head 1 


See Figure 132 on page 15 


FCH1: Cutoff frequency of continuous time LPF for 
Head 1 


6 inmuz 
fe = (0.2 Keon +5) + 3 
0 < Kegs < 63, Rag in ko = 


CMXEN: CMOS test point muxes enable 


0: CMOS Test Muxes disabled (Normal Mode) 
1: CMOS Test Muxes enabled 


TP1SEL: Selects which internal to MUX out to the 
TP1 test point 


See Table 192 


DOGCHO: Dropout Gain Control, Head 0 


3. + Kpogcuo) invv 
cHo $15 


<K 


ATGCHO: ATF gain control, Head 0 


0 <Katacuo $ 31 


in V/V 
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TSEL: Output test mux select. © 


See Table 193 


DOGCH1: Dropou i 


> 


0 <Kpoacut $15 


ATGCH1: ATF gain control, Head 1 
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Ay = 4.04 1.33-Kyroeoq) inv 
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Table 191Serial Register Bit Descriptions 


Description 


PLLSFC: PLL sync field count: Determines how 
many bytes of data rate clock pass, after AGC has 
timed out, before PLL signal and tracking mode 
begins 


00: 0 bytes 
01: 1 byte 

10: 2 bytes 
11: 3 bytes 


990812 


AGCSFC: AGC sync field count: Determines how 
many bytes of data rate clock pass, after DO has 
dropped, before AGC signal begins. 


00: 4 bytes 
01: 5 bytes 
10: 7 bytes 
11: 9 bytes 


BMXEN: Bipolar test point muxes enable 


0: Bipolar Test Muxes disabled (Normal Mode) 
1: Bipolar Test Muxes enabled 


DPLL: Allows the internal PLL signal to be pro- 
grammably enabled/disabled for test purposes. 
PLL is asserted at the transition from acquisition 
mode to tracking mode 


0: PLL count enabled (Normal Mode) 
1: PLL count disabled 


DAGC: Allows the internal AGC signal to be pro- 
grammably enabled/disabled for test purposes. 
AGC is asserted once the AGC count is reached in 
the Sync Field 


0: AGC count enabled 
1: AGC count disabled 


FRQ: Timing Recovery VCO Frequency Adjust 
DAC 


TWR: Tap Weight Rollover value: Determi A, 
which of the FIR taps will be adapted rmin- 
ing which tap gets adapted foll he 


adaption sequence orde cap fixed, only 
the starting point is cha 
on page 22 for ta 


00: Tap order 0, 
01:.Tap order 4, 
10: Tap order 1, 
11: Tap order 3, 
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iterbi Detector 
ACTST: Adaption rol Test: Allows the adaption 
circuitry to be tested by forcing either an up, down 
or hold signal. See FIR Filter/Equalizer on page 18 
for details. 


0: Normal operation 
1: Up forced 

2: Down forced 

3: Hold forced 
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Table 191Serial Register Bit Descriptions 


Description 


ITW: Initial Tap Weight: Determines which tap the 
adaption routine will adapt first (see Viterbi Detec- 
tor on page 22 for more details). 


00: Tap 0 
01:.Tap 4 
10: Tap1 
11: Tap 3 


VM65011% 


PML: Path Memory length. Allows Viterbi path 
length to be increased to 21 from 10 


0: Viterbi Path Length = 10 
1: Viterbi Path Length = 21 


INTL: Integration Length: Determines the number 
of cycles the adaption circuit will integrate over 
when deciding whether the current tap weight 
should be incremented, decremented or held (see 
Viterbi Detector on page 22 for more details). 


00:12 cycles 
01:15 cycles 
10:18 cycles 
11:21 cycles 


DZ: Dead Zone: Determines the threshold as a 
percentage of integration length that the adaption 
integrator must exceed in either the up or down 
direction to qualify an increment or decrement 
decision. If this threshold is not reached then the 
current tap weight is simply held (see Viterbi 
Detector on page 22 for more details). 


00: 35% 
01: 50% 
10: 65% 
11: 80% 


AE: Adaption Enable: Enables the adaption cir- 
cuitry 
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TEST MODES 

There are seven sets of test points used in the VM65011. Pins TP1P/N, TP2P/N, and ATFOCPYN are differential analog test outputs, 
pins TP3P/N and TP4P/N provide differential digital pseudo ECL test outputs, and pins CT1 and CT2 are digital CMOS test outputs. 
TP1, TP2, TP3, and TP4 are activated by control register enable bit BMXEN, while CT1 and CT2 are activated by enable register bit 
CMXEN. The TP1 output is controlled by the TP1SEL[2:0] control register bits. TP2,3,4 and CT1 and CT2 are controlled by 
bitsTSEL[2:0], as shown in Table 192 and Table 193. The ATFOCP/N pins are used for the ATFOC signal under normal operation but 
can be used as atest point controlled by control register bits ATFSEL[2:0]. The ATFOC mux can also be routed through the TP1 Mux 
with a TP1SEL setting of ‘111’. A description of the signals used in the tables is given in Table 194. The LPFBYP register bit when set 
to a ‘1’ allows an differential input signal applied to the RLZ and RFSR pins to be input to the datapath after the continuous time filter 
AC coupling capacitors. This allows a signal to be input directly in the FIR. The voltage level for both RLZ and RFSF must be kept 
above 2V to keep the normal RLZ and RFSF biasing circuitry from turning on. The PDTST bit allows the FIR to be bypassed and the 
test signal input directly into the decision directed phase detector (DDPD). The SELTE bit allows this test signal to be input at the 
Timing Error output of the DDPD for purposes of testing the charge pump and PMULT. Register bits TC2 and TC13 shift the gain of 
FIR taps 2 and 1 and 3 as shown in Table 184. 


Table 192TP1 and ATF Test MUX Decode 


= TP1SEL[2:0] bits Output pin aie Output pin 
: 3 3 
S 2 — & | ATFOC Mux 
a 2 1 0 (diff analog) 2 1 0 Output 
(diff analog) 
1 | 0 | o | o Jo CTF ac 0 | o | o Jo Cr 
Q ; 1 0 0 1 1 VGA Out 0 0 GA In 
g 2 1 0 1 0 | 2 Vit Sig Odd 0 1 VGAD Out 
me | 1) co | ct | t [3] vitsigevn Al 1 | 3] VGATF Out 
1 1 0 0 | 4] Held Sig Odd rac 0 0 |4 BP, + 
1 1 0 1 15 FIR & 1 0 1 15 BPurt 
1 1 1 0 |6 n 1 1 0 |6 LPir 
1 1 1 1 7 ATFOC Mux 1 1 1 |7 LPurt 
0 X X X X power down. 
Table 193Test Mode Register Decode 
= = TSEL[2:0] bits e Output pins 
S/S) ,/,1]./8| 7 TP3 TP4 cT1 cT2 
a | 9 (diff analog) (PECL) (PECL) (CMOS) (CMOS) 
1} 41] 0 0 0 | 0] Held Sig Evn ZX ZXut CINut CLK yr 
1 1 0 0 1 1 Timing Error CLKyip SCLK LZDEL FRDEL 
1/1] 0 1 0 |2 VGA Out fate tr HLDEL RGDP 
1} 1] 0 1 1 | 3] VitSig Odd Mx TO RST, + RSTyt 
1 1 1 0 0 4 CTF YHB/YLB XPB/XNB AGCN PLLN 
1 | 4 1 0 1 | 5 CTF ac TRUP TRDN CIN| + CLK, + 
1 1 1 1 0 6 Int_e En Ch EA SHGN 
1 | 4 1 1 1 | 7 | Vit Sig Evn Xo Xe CPK, + CPKyt 
0 1 X X X X power down power down power down modes 0-7 modes 0-7 
1 0 Xx xX Xx Xx modes 0-7 mode 0-7 mode 0-7 power down power down 
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Table 194 Test Signal Descriptions 


Test Signal 


Naive Description 
CTF ac AC coupled output of the Continuous Time Filter 
VGA Out Analog output of the Variable Gain Amplifier of the AGC loop 
Vit Sig Evn The even FIR interleave input to the Viterbi detector 
Held Sig Odd Held signal value for the odd interleave of Viterbi detector 
FIR Out Output of the Finite Impulse Response filter 
VCO Control Analog control input to the Timing Recovery VCO 
ATFSUM ATF composite low/high tone bandpass filter output. 
VGA in Analog input to the Variable Gain Amplifiers of the AGC loop, Dropout Detector, and ATF 
VGAD Out Output of Dropout detector VGA 
VGATF Out Output of ATF input VGA 
BPit Output of ATF low tone Bandpass after the VGA's 
LP + ATF low tone low pass filter output S 
BPut Output of ATF high tone Bandpass after the VGA a 4 
LPut ATF high tone low pass filter output ¢E 
CLKy1p ATF offset cancellation clock > 
EA TBD -- 


Held Sig Evn Held signal value for the erleave of Viterbi Detector 

Timing Error Timing error for th ecovery Loop 

Vit Sig Odd The odd FIR interleave input to the Viterbi detector 

CTF Output of the Continuous Time Filter 

Int_E Integrated Ims tap weight error 

ZX 7 Zero-cross signal of ATF low tone analog signal input (bandpass VGA output) 
ZXyt Zero-cross signal of ATF high tone analog signal input (bandpass VGA output) 
DIV15 fyco signal divided by 15 

SCLK ftp signal divided by 2 used as a sampling clock in the Timing Recovery and Viterbi sections 
ftr Timing recovery clock equal to the VCO (or external clock) divided by 2 

fatF ATF frequency, equal to the VCO (or external clock) output 

MX FIR mux0 to mux1 transition 

TO FIR track and hold 0 control signal 

YHB/YLB AGC pump up (=0) / down (=1) in sampled mode, qualified by XPB/XNB signal = 1 
XPB/XNB AGC positive/negative sample sign indicator. Equivalent to (X1 xor X2) 

TRUP Pump up signal into the charge pump of the Timing Recovery loop in Idle mode 
TRDN Pump down signal into the charge pump of the Timing Recovery loop in Idle mode 
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Table 194 Test Signal Descriptions 


seat nal Description 
E, Sign of the PR4 equalization error estimate 
Ch Sign of the Channel data 
Xo Odd sample sign indicator for decision-directed phase detector in the timing recovery 
XE Even sample sign indicator for decision-directed phase detector in the timing recovery 
CLK, + ATF clock input to low tone PLL multiplier 
CLKyt ATF clock input to high tone PLL multiplier 
LZDEL One-shot pulse which controls how long the AGC loop stays in low impedance mode 
FRDEL One-shot pulse which controls how long the AGC loop stays in fast acquisition mode 
HLDEL HOLD control signal for the AGC loop 
RGDP Read signal. Internal control signal which is delayed from FRDEL by two bytes after a dropout, and 
delayed from RG by two bytes after RG switches high. 
RST + ATF PLL low tone control voltage reset signal 
= RSTyt ATF PLL high tone control voltage reset signal iA 
5 fi AGCN Internal control signal indicating when the AGC “ew the continuous time loop to the sam- 
a pled time loop (active low). 
a 3 PLLN Internal control signal indicating when the timin ry loop switches from decision- directed acquisi- 
tion mode to decision-directed tracking active low). 
SHGN Internal control signal indicati ven GC loop is in the high-gain sampled mode, equal to the 
exclusive NOR of AGCN ctive low) 
SIXT 6T Detector outpu high after 4 or 8 6T cycles have been detected. 
CIN: tT ATF low tone PLL clock input equal to fyco clock divided by 45 
CPKi+ Output of low-tone variable delay block 
CINut ATF high tone PLL clock input equal to fyco clock divided by 30 
CPKyt Output of high-tone variable delay block 
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Table 195VM65011 Pin Functions and Descriptions 


PIN TYPE PIN NAME PIN# INFORMATION 
VCC1 3 CT filter, analog AGC, analog test mux power 
Vvcc2 40 FIR filter, Viterbi detector, timing recovery power 
VCC3 15 ATF power 
VCC4 34 Timing recovery VCO analog power 
Power Pins 
VCC5 21 Test point ECL output and TTL input power 
VCC6 59 Internal digital CMOS and tub connection power 
VCC8 37 Viterbi digital CMOS and tub connection power 
VDD 47 3.3/5 V CMOS interface circuitry power 
VEE1 4 CT filter, analog AGC, analog test mux ground 
VEE2 39 FIR, Viterbi detector, timing recovery ground 
VEE3 16 ATF ground Se 
VEE4 33 Timing recove vo0ara round 3 2 
Ground Pins VEE5 20 Test point E ut ground 2 3 
VEE6 58 al digital CMOS ground x S 
VEE7 | substrate connection 
VEE8 Sy Viterbi digital CMOS ground 
VSS (@) 46 3.3/5 V CMOS interface circuitry ground 
Ka 
5V Bipolar TTL Inputs FREF 22 41.85 MHz input reference frequency @) . ¥ 4 y 
’ 50 pA 
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Table 195VM65011 Pin Functions and Descriptions 


PIN TYPE PIN NAME PIN# INFORMATION 


ADPHLD 48 Adaptive FIR Hold (active high) 


Read Gate. Selects Read mode 


ne (active high) 
LP 50 Long Play. Selects Long Play mode 
(active high) 
Head Select. Low selects Head 0 reg- A 
HDSEL Bf isters, high selects Head 1 registers, 4 
3.3/5V CMOS TTL Inputs transition initiates head switch O- 
sequence L| 
Power down control signal. When this LL 
PD 52 signal is asserted, the chip is powered - 
down. (active high) 
SPCLK 53 Serial port clock (latch on positive 
edge) 
SPEN 54 Serial port I/O enable (active high) 


CLCK 41 Recovered Clock. | 
DATA 42 Recovered Dat ae 
eXcess Zer igh level indicates ea 
3.3/5V CMOS Outputs nub utive zeros in recov- +—(_ ) 
a 


s exceeded a program- — 


SLINDYID 


= 
* 
iu 
o 
2 
9 
za 
> 
cr 


value. 


bo a Drop Out indicator. High level indi- 


cates tape drop out. 


Servo Tone eXceeds Threshold. High or low tone is selected via 
STXT 44 serial interface and compared against programmable threshold. 
Results of comparison is output on this pin. 


fe 
5V CMOS Bidirectional fe, Bee : ; 
inputs /Oputs SPDATA 55 Bid-directional serial port data signal Ce 
LL 
CT1 56 CMOS Test Output 1 
5V CMOS O _ 
utputs J ( ) 
CT2 57 CMOS Test Output 2 | 
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VM65011% 


e 


External Resistor 
Connections 


lish a precise internal reference cur- 
rent for the timing recove O 


PIN TYPE PIN NAME PIN# INFORMATION 
Pseudo ECL FDSP 29 Timing Recovery (Data Separator) test 
Differential Inputs FDSN 30 Frequency input i. 
TP3P 23 _ . : 
Digital Bipolar Test point 3 output 
Pseudo ECL TP3N 24 
Differential Outputs, 
Voc referenced lise a Digital Bipolar Test point 4 output 
Timing Recovery PLL reference resis- 
tor. An external resistor is connected 7 
RTR 35 from this pin to VEE4 (pin 33) to estab- re - 


= ort 


center frequency. « 
AGC &.... resistor. 


sistor is connected from 


XG. 
oe to VEE1 (pin 4) to establish a 
precise internal reference current for 


the DACs controlling the continuous- 
time filter cut-off frequency, AGC 
charge pump currents, and Dropout 
Detector decay current. 6kQ +10%. 
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Table 195VM65011 Pin Functions and Descriptions 


PIN TYPE PIN NAME PIN# INFORMATION 

CHTP 18 ATF high tone DLL loop filter capaci- - 
CHTN 19 tor. Nominal differential connection of 

390 pF. g 

ATF low tone DLL loop filter capacitor. O 
ale za Nominal differential connection of 390 8 1 
CLTN 26 oF HA 
CTRP 31 Timing Recovery PLL loop filter. Nomi- B 
CTRN 32 nal differential connection of 4.7 nF. +——_(_) 

: 
External Capacitor = 


Connections 


Dropout time constantca nomi- 
coe oo nally 1600pF to a 
\ “3 AGC Gain capacitor, nominally 820 pF B 


BAGG @) to VEE1 (pin 4). 
BS 
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Table 195VM65011 Pin Functions and Descriptions 
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Analog Outputs 


PIN TYPE PIN NAME PIN# INFORMATION 

DIP 1 : 
DIN 2 Analog Read Data input 

Analog Differential 

Inputs 
TINN 63 
TINP 64 Analog Test Input A 
TP1P 5 .™ ; 
TPIN ree analog test point 1 output 


TP2P 


Differential analog test point 2 output 


ATFOCN 


TP2N (es 
ro 


ATF input bandpass filte 
analog test point. 


r output and 


DIFREF 


Differential reference bias for STDIF 


(pin 14). Nominal output 


value of 1.5V. 


STDIF 


Servo Tone Differential output. Indi- 
cates amplitude difference between 


high and low tone servo 


to a 1.5V common-mode bias. STDIF 


is higher than DIFREF if 


tone’s amplitude is greater than the 
high servo tone’s amplitude. Nominal 
output range is 0.75 V to 2.25 V. Tone 


levels are equal if 
STDIF=DIFREF=1.5V. 


filters relative 


the low servo 
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AC and DC CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: 0°C < T, < 70°C, 4.5V < Voc < 5.5V, 3.0V < Vpp < 3.6V 


Overall 


Conditions unless otherwise specified: Rar=6kQ, RgfpR=20kQ, Ry 7=20kQ, RyR=2.5kQ, BMXEN=0, WD R, =5002 


990812 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Power Supply Current loc Powerdown Mode, DATF=1 500 pA 
Read Mode 190 mA 
Idle Mode, PREN=0 190 mA 
PREN=1 115 mA 
Vpp Supply Current lbp 10 mA 
Standby to fully func- Trec AGC within 10% final value, 
tional recovery time Filter cutoff within 10% final TBD us 
value. 
CMOS Digital I/O (CLCK, DATA, XZ, STXT, DO, ADPHLD, WG, RG, HDSEL, PD, SPCLK, SPEN, SPDATA, CT1, CT2) 

PARAMETER SYM CONDITIONS Pa TYP MAX UNITS 
Input High Voltage Vin 0 Voc + 0.3 V 
Input Low Voltage Vit fs -0.3 0.8 V 
Input Leakage Current In| Vin= Voce Vin av +10 WA 
Output High Voltage Vou ona Sy’ T1,CT2) 2.7 V 

“asc CK,DATA,XZ,DO Vpp-1.0V 
Output Low Voltage VoL he 0.5 V 
Output Leakage loz Output Disabled, Voyt =VeE; +40 wh 
Current 2.7V (SPDATA only) 
Input Capacitance Cin 10 pF 
Output Capacitance Cout 10 pF 
TTL Inputs (WDI, FREF) 

PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Input High Voltage Vin 2.0 Voc + 0.3 V 
Input Low Voltage ViL -0.3 0.8 Vv 
Input High Current NH Vin =2.7V 20 pA 
Input Low Current lie Vi_ = 0.5V -0.6 mA 
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ECL I/O (FDSP, FDSN, WDP, WDN, TP3P, TP3N, TP4P, TP4N) 
PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 

Common Mode Input Vom 

Voltage Voc-2.8V Voc Vv 
Differential Input Voltage Vp 200 mV 
Input Current TN Vin=Voc 10 HA 
Output High Voltage Vou R, =50Q to Voc-2V, T=27°C Voc-1.3 Voc-1.08 V 
Output Low Voltage Vot  |R_=50 to Vec-2.45V, T=27°C Voec-1.58 | Vec-1.3 Vv 
Differential Output Swing Vaitt  |lor=lon=18MA 400 450 500 mV 
Output Leakage loz {Output disabled, Voyt=Vee; Vcc +200 an 
Current 
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990812 
Gain Control 
Conditions unless otherwise specified: Cagc=820PF, Vepo=Vcc; Rar=6kQ, RefR=20kQ, Ry z=20kQ, 
PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Input Dynamic Range Vol Vp = (Vpip —Vpn) 30 300 MVpod 
Input Common Mode Vcomp! VompI = (VpiIP +Vpin)/2 
Voltage Voc-3.1 Voc-2:7 | Voc-2.3 V 
Differential Input Resis- | Rina) | LOWZ = Low, WG='0’ 1.2 2.5 3.8 kQ 
tance 
LOWZ = High, WG='1’ 120 250 380 Q 
Single-ended input Rinisa) | LOWZ = Low, WG='0" 0.6 1.25 1.9 kQ 
Resistance . 
LOWZ = High, WG='1’ 60 125 190 Q 
VGA Minimum Gain Avmin Ay=(Vvyaap -Vygan)/Vp) 4.0 VV 
Voagc=0.8V, PGCEN=0 , 
VGA Maximum Gain Avmax Ay=(Vvgap -Vvcan)/Vp) 39 47 VV 
Voaagc=3.2V, PGCEN =0 
VGA Gain in PGC Ay Ay=(VvGap -Vvcan)/Vp1, 
mode PGCEN=1 } 
PGC= 0000 2.24 
PGC= 0001 Aq 5.0 my 
PGC= 0011 10.6 
PGC= 0111 21.8 
PGC= 1111 44.5 
Output Common Mode Vvcm | Vom =(V n)/2 
Woltade Voco-3-2 | Voo-2.5 | Voco-1.8 V 
CAGC Common mode Vom -. — Si 3.2 v 
Voltage 
Output Offset Voltage Vos Vos=(VvGaP -VVGAN); over 
: 3 —50 50 mV 
entire gain range, Test Mode 2 
Output Distortion THD | Vp) = 30-300MVppq, 
VyGal0.75Vppa, 
1.0 % 
1-20MHz 


18! 27d and 3" harmonics only 
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AGC Loop 


Conditions unless otherwise specified: Cagc=820pF, Vepo=Vcc, Rar=6k2, Rega=20kQ, Ry; 7=20kQ. For Charge Pump Current tests: 


LPFBYP='1’, TFAQ='0’, Vcagc=1.2V, WG='0’, RG='0’ 
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PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 

RAF Pin Voltage VRAF 1.16 1.2 1.24 V 

RAF Current Range IRAF IRAF=V RaAF/Rag 36 200 310 HA 

RFSR Pin Voltage VRESR 1.24 1.28 1.31 V 

RFSR Current Range IRFSR InFsR=Vrarse\/Rresr 30 64 130 HA 

RLZ Pin Voltage Vez 1.24 1.28 1.31 V 

RLZ Current Range IRLz IRn-z=Vrtz/Riz 30 64 130 HA 

Fast Discharge Cur- larp Vatz=Voc-1 .OV 

rent, Continuous Mode Vesr=Vcc-0.6V 0.8-lQFp laFp 1.2:Igep mA 
larp=144-lanc 

Normal Discharge Cur- lann | Vatz=Vcec-0-9V 

rent, Continuous Mode Vesr=Vcc-0.6V 0.8-lanp lanp 1.2-lqnp pA 
lanp=18-lanc 

Normal Charge Cur- lanc. | Vatz=Vcoc-0-.8V 

rent, Continuous Mode Vesr=Vcc-0.6V lg lanc 1.2-lanc LA 
lanc=!Rar/20 al 

Ultra Fast Charge IQurc Vatz=Voc- -0.6V . 

Current, Continuous Vesp=Vcc-0.6V 

Mode 0) pause Cy 0-8-laurc laurc 12 lourc mS 
lau 

Fast Charge Current, larc e in ultra fast charge 

Continuous Mode dition, set Va, z=Vcoc-1.0V, 
Vesr=Vcc-0.6V, pause and set 
Vaiss Von-06V, 0.8-larc larc 1.2-larc WA 
larc=9:lanc 

Low Gain Charge lat Vatz=Vcc-0.465V 

Pump Current, Vesr=Vcc-0.6V, RG='1’, 

Sampled Mode PDTST='1’, DPLL=’0’, 0.8-la, lat 1.2-lo, HA 
CLKSEL='1’ 
lat =lanc’Ksap 

High Gain Charge lQu same conditions as lq,, 

Pump Current, DPLL=’1’ 0.8-Iqy IQH 1.2-Iqy HA 

Sampled Mode IQH =lanc:(6+Kgaqp)) 

Charge Pump Leakage ILK HLD='1 +200 a 

current 

Output dynamic range VEA VeEA = (Veap-VEAN) 
30MV ppd < Vol < 300MV ppg 0.45 0.55 Vppd 
1MHzZ < fin < 20MHz 

LOWZ One-shot Pulse TLz HDSEL or WG transition 

Width 7520075 Fis 08Tiz Tz 12Tz " 
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990812 

PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
FSR One-shot Pulse Trsr_ | HDSEL, WG, or DO transition 
Width Trep=0.075:Ri z 08Trsa | rsh | 1-2-Trsr He 
Trailing edge of LOWZ Twr | Cagc =820pF 500 2 
to Ven stable to 10% . 
Differential input capac- | Cin(pa) 10 E 
itance p 
Input referred noise Virnn | gain =AV,a,, BW=15MHz —_ 
vollage Veip= Ven 10 nVNNHz 
Gain settle from —30% Tesp | Ven 20-9-(final value) in normal 20 95 
Vp) step acquisition mode = 
Gain settle from +30% Tesa | Ven <1.1-(final value) in normal 15 - 
Vp) step acquisition mode , . 
VGA Bandwidth BW No AGC action. All gain values. 100 MHz 
Common mode rejec- CMRRg | gain = Aymax, fin = SMHz, 
: : 40 dB 
tion ratio Voip = VbIN = 100MVp, 
Power supply rejection | PSRRg | gain = Aymax: fin = 5MHz 5 AI a5 
ratio AVcc or AVerE =1 0OMVp, iat 
AGC Gain Sensitivity to AVpy__| (Typical range is 1.4V 2am) 175 dB/V 
CAGC voltage : 
LOWZ extension time TLZE oO 500 ns 


'Ksqp is the value of the sampled char 


ent control register word SQPI(1:0). 
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Dropout Detector 


Conditions unless otherwise specified: Cpg=1600pF, Rar=6kQ, RgpR=20kQ, R_z=20kQ. 
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PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Input dynamic range Vol Vor = (Voip -VpIn) 30 300 MVppd 
VGA Gain Avmax | Av=(Vprp -Vprn)/Vp1 

ATFOCP/N 
DOGC= 0000 3.3 
DOGC= 0001 6.6 VV 
DOGC= 0011 13.2 
DOGC= 0111 26.4 
DOGC= 1111 52.8 
VGA Output Common Vom Vom = (Vprp +Vpr_n)/2 - : - 
Mode Voltage Vo¢-3.0 Vogr2.3 Voc-1.6 V 
VGA Output Offset Vos | Vos=(Vprp -Vprn); Over entire 
d -50 50 mV 
Voltage gain range for Vpj=0Vp5q 
Output distortion THD | Vp) = 30-300MVppq, 
Vor < 2.4V d> 1-20MHz 1.0 % 
st ond Hy rd ; 
1°', 2", and 3 harmonics only 
CDO Output Common Vcopocm Vp1=9V op A 
Mode Voltage C Voge? Voges ¥ 
CDO Decay Current Ibo Ibo = 40, 60, 100, 200 LA, ¢ 0.9:Iop0 iDiee oA 
eroa ae: 
Dropout Threshold VtHDO Measure O 0.215 0.24 0.265 V 
~Or p 
AVTHDO : Virioo wan DO 20 25 30 mV 
ches low (hysteresis) p 
Dropout Delay Tpop | !DO=00 8.5 10 11.5 
IDO=01 5.6 6.6 7.6 : 
IDO=10 3.4 4.0 4.6 p 
IDO=11 1.7 2.0 2.3 
Dropout Recovery Tporec | Time from Vp, switched high to 
Delay DO switched low, all Ipo cur- TBD ns 
rents 
Input referred noise Virnn | gain =Aymax, BW=15MHz 10 nVWHz 
voltage Voip = VoIN 
VGA Bandwidth BW All gain values. 100 MHz 
Common mode rejec- CMRBRg | gain = Aymax, fin = SMHz, 
: : 40 dB 
tion ratio Voip = VoIN = 100mV,, 
Power supply rejection | PSRRg | gain = Aymay; fin = SMHz 45 dB 
ratio AVcc or AVEE =1 0OMV pp 
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Continuous Time Low-Pass Filter/Equalizer 
Conditions unless otherwise specified: Cagc=820PF, Vepo=Vcc; Rar=6kQ, RefR=20kQ, Rp z=20kQ. 

PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Input Dynamic Range Vvea | Ven<600MVp pq 0.1 0.7 1.0 Vopd 
Filter cutoff frequency fe fc=(0.1 5-Keot5.0)-IRar 0.9-fo feo 1.1 ‘fo MHz 
Normal lowpass gain Aon BST=0, Kec=0, fin = 0-1f 6 50 32 22 dB 
(Ven VS. Vey) 

Boost accuracy BA -1 +1 dB 
Filter Boost (low end) ABmin | BST=0 0 0.5 dB 
Filter Boost (mid point) | AByjigy | BST=8 0 0.5 dB 
Filter Boost (mid point) | ABmigo | BST=20 5.5 6.5 7.5 dB 
Filter Boost (high end) ABmax | BST=31 12.0 13.0 14.0 dB 
Filter Output Offset Vosen | Vp = 0.0V, FNP/N outputs -200 200 mV 
AC coupled filter out- Vosra | Ve, = 0.0v, FAP/N outputs 
-10 10 mV 
put offset 
Group Delay Tep Kec=63, GD=0 eo 32 37 ns 
Group Delay Variation Tep 0.1 fo S fin $1.5 fe, 
5MHz S$ fo S$ 15MHz, -2.0 2.0 % 
BST=0, GD=0 = 
Tepe | 0-1 foSf 
saa, 60-0 MHz, -2.5 2.5 % 
Group delay variation Tep3 o- FNP/N outputs. _30 28 9 
nonsymmetric zeros GD=-32, relative to GD=0 . 
Tgp4 | DC @ FNP/N outputs. 28 32 9% 
GD=+31, relative to GD=0 . 
: a _ 1 
Normal output noise VNN BW = 100MHz, fc = 10MHz TBD mVims 
voltage Voie = VbIN 
Common mode rejec- CMRR | fin = 5MHz, Keo=63, a ap 
tion ratio F Voip = VbIN = 100MV_, 
Power supply rejection | PSRRe | fin = 5SMHz, Vp; = OV, 40 dB 
ratio AVcc or AVeEE = 100mV,, 
Total harmonic distor- THDe | fin = 0-67f¢, Kec=63, 
tion (Ven vs. Vey) Vey <0. TV ond 1.5 % 
2" and 3" harmonics only 
Filter settle from step in Tes Kec or BST step to Ven settle 85 300 ae 
Fe and BOOST 


'k-¢=63, BST=31 (boost level of 13dB). 
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FIR Filter/Equalizer 
Conditions unless otherwise specified: TC2=0, TC13=0, Kg 4 = 0, Ky 3=16, LPFBYP='1’, CLKSEL='1’. Inputs on RLZ and RFSR. f7R 
> 20MHz. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Nom. Center Tap Gain Avc Ko=8 1.15 1.25 1.3 V/V 
Center Tap Gain DAy, | Ko=8, Apply a 0.2V D.C. signal 
Variation measure the gain for eight suc- 0 10 15 of 


cessive channel samples, com- 
pute min vs. max percentage 


Nom. Center Tap Offset | OFFeo | Ko=8 3 5 mV 

Center Tap offset OFFy | Same as OFFco 5 10 atl 

variation 

Tap Gain & Linearity TG Average tap gain per step 17.5 19.5 21.5 V/V 
Ayo Ko=31. Maximum voltage gain 1.699 VV 


of center tap 2 


Ayo, Ko,4=15. Maximum voltage 


gain of taps 0 and 4 ae vw 
. = 
Ay1.3 Ky 3=31. Maximum voltage S 0.293 VV Zz yy 
gain of taps1 and 3 SE 
72) 
(S) 
Differential non-linearity | DNL 4 5 mV/V ai = 
Integral non-linearity INL 19.8 mv/V = 
TH Droop DAV | Aver. coop 2 v diff 4 30 V/us 
= 1 
Center tap Large Signal | LSBW 3=16, 0.5V oq TBD MHz 
Bandwidth pt over frequency range 
; — Ko 1 
Center tap Small Signal | SSBW | Kp=8, Kj=K3=16, 0.05V p54 TBD MHz 
Bandwidth swept over frequency range 
Center tap distortion Mx2™ | Set the input to 0.5Vo54 @ 31/ -35 dBc 
rd | 128"Fs with Fs set to max data 
MX3"" | rate, center tap only ' ee dBe 
MXTHD -30 dBc 
Max EQ distortion MxX2"4 | Same as center tap distortion. -35 dBc 
rg | With amplitude set to 0.17Vppq 
MX3 Max peaking 2 -35 dBc 
MXTHD -30 dBc 
TH Droop DAV_ | Average droop 0.25 v diff! 30 V/us 
; = Ko 1 
Center tap Large Signal | LSBW | Ko=8, Ky=K3=16, 0.5Vopq TBD MHz 
Bandwidth swept over frequency range 
; 1 
Center tap Small Signal | SSBW | Kp=8, Kj=K3=16, 0.05V p54 TBD MHz 
Bandwidth swept over frequency range 
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990812 
PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Center tap distortion Mx2™ | Set the input to 0.5Vp54g @ 31/ -35 dBc 
rd | 128*Fs with Fg set a max data 
Mx3 rate, center tap only ! =e) dBe 
MXTHD -30 dBc 
Max EQ distortion Mx2™ | Same as center tap distortion. -35 dBc 
ra | with eriplitude set to 0.17V,, 
MXx3 Max peaking 2 35 dBc 
MXTHD -30 dBc 
Noise Nct | Center tap only ' -— Vimsd/WHz 
Max peaking @ TBD — 
"Mx mipeennt Vimeq/VHz 
2T boost at F/4 % MXBorz | K; & Kg set to -32, Vin 
1.91 VIV 
=0.1Vppq; Ko=8 
MNBot | Ky & K3 set to 31, Vin =0.1Vp5q, VV 
Ko=8 
AT boost at Fo/4 19 MXBaz | Kg=K4=16 +2 0.64 VV 
MNBat VV 


| Set taps Ko=8 & Ky/K3 = 16 & Ko/Ky = 


ie Ve 


? Set taps Ko=31, Ky/K3=-32 & ae Q 
‘These tests should be done at the highest devia 
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FIR Adaptation Circuit 
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VM6501 1 wS 


PARAMETER 


SYM 


CONDITIONS 


MIN 


TYP MAX UNITS 


Integration Slope 


ACTST = 3. Observe Int_t. Set 
all tap weights to zero except 
tap 3, which is set to unity. Sup- 
ply an external CLK and a 4T 
pattern as shown in the dia- 
grams that follow. Adjust the 
phase of the CLK relative to the 
FIR IN signal to create integrate 
up, down and hold conditions 
as shown. Measure integrated 
signal peak relative to reset 
value and normalize to integra- 
tion length (12 for INTL=’00’). 


Integrate up condition 


mV/ns 


Integrate down condition 


mV/ns 


Integration length 


Use the conditions for the error 
integration slope up measure- 
ment. For each value of the 
integration length, measure the 


tion 


time for each cycle of the In 

output, and normalize to the 

CLK period. Sub Boje 
tegra 


Ke 


ILog 


to determine ete 
length. 


12 cycles 


ILoy 


ae 


15 cycles 


ILio 


INTL='10’ 


18 cycles 


IL4y 


INTL="11' 


21 cycles 
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PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Dead Zone Threshold DZ+ | Use the conditions for the error 


integration slope up measure- 
ment. Set ACTST = 0. Set the 
FIR TAP 3 weight to mid-scale 
(zero). Using an external cur- 
rent source to emulate the 
resistor on RTR, vary the inte- 
gration slope, starting from 
zero. For each step in integra- 
tion slope, perform an adaption 
of Tap 3. Increase the integra- 
tion slope until Tap 3 changes. 
Measure the integration signal 
peak value. Repeat for inte- 
grate down conditions. 


DZU 9 DZ= ‘00’ 108 mV 


DZUp; | DZ= ‘01’ 166 mV 


DZUj9 | DZ= ‘10’ 219 mV 
DZU4,; | DZ=‘11’ ae 276 mV 
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DZDo9 | DZ = ‘00’ ] 108 mV 
DZDo4 DZ= ‘01’ La 166 mV 


DZD jg | DZ='10’ FAS, 219 mV 


276 mV 
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Viterbi Detector 
Conditions unless otherwise specified: RG='1’, LPFBYP='1’, 


PDTST='1’. 
PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Sliding Window Over- Vow | On each interleave Input series 
write Voltage of same-polarity full-height 
pulses on RLZ/RFSR. Increase 
height of final pulse by Vow, 
Observe DATA. Pulse prior to 
large pulse should get overwrit- 15 mV 
ten and DATA=’0’. Test both 
polarities of signal with 1-10 
(PML=’0’) and 1-21 (PML='1’) 
intervening zeros between 1’s of 
same polarity. Repeat for each 
interleave. 
Excess Zero Count Tezc | X=(0.5+Kezc)TrR where Trp is Xa2 Xx X420 ae 
Delay the timing recovery clock period 
6T Detector Delay Tet X=(1 0+6-Kst_) TTR where Ttr is 
the timing recovery clock 
period*. measured from FIR out- } i wnee i 
put to SIXT test point. ad 
o> 
Viterbi Threshold VITtH | VIT7y=0.047+0.376-(K co gp 9 tf 
Input series of ful xo 
on RLZ/RFSF. R t of = 
1 pulse, "ey e oe ViT ry Vv 
hee bbe pulse is 
nthe threshold, DATA 
rop to ‘0.’ Repeat for both 
rleaves 
Viterbi Threshold Mini- ViTwin | Kyrr=0 0.02 0.023 0.028 V 
mum 
Viterbi Threshold Maxi- | VITwax | Kyrr=127 0.200 0.211 0.222 Vv 
mum 
Viterbi Threshold DAC VITpni | Worst case step size deviation 
: : : : : 0.047 V 
differential nonlinearity from ideal 
Viterbi Threshold DAC VITin_ | Slope of VITty vs. VITpac { eb 
integral nonlinearity 
PLLP 0-to-1 Transition 
to Path Memory Set TBD ns 
released. 
iKeze i is the value of the excess zeros count control register word EZC(4:0) 
sKstu is the value of the STL 6T length control register bit, 0 (4cycles) or1 (8 cycles) 
3K 7 is the value of the Viterbi Threshold control register word VIT(6:0) 
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Timing Recovery Loop 
PARAMETER Sym CONDITIONS MIN TYP MAX UNITS 
RTR Pin Voltage Vatr 1.21 1.25 1.28 V 
RTR Current Range latr 200 500 645 HA 
VCO Reference | lIreEF=lRTR=VAtTR/RIR | iA 
Current HEF REF 
VCO Frequency fvco | fvco = fo-(1tky(l-AVTR +P-AVpp) fvco MHz 
VCO Center Frequency fo | fo=k per’ 0.9-fo fo 1.1-fo MHz 
VCO Gain Ky Measured at pear 0.35 0.4 0.45 v1 
Kpamp= 127 
Imult Gain | 0.9 1.0 1.1 A/A 
Pmult Gain P=1.0(127-Kpamp)/127, Idle/Acq. 
(VCO Cntl/Tmg Err.) P=0.25(127-Kpamp)/127, Tracking, 
P TRGAIN=0 0.8-P P 1.2-P V/V 
P=0.5(127-Kpamp)/127, Tracking, 
TRGAIN=1, CTRP=CTRN 
VCO Dynamic Range farvco)| 2% Rtr Ss % 
CTRPIN CM Voltage Vom ca 20 2.30 2.40 V 
CTRP/N Leakage llctR | COAST='1’ 30 +200 nA 
TR Charge Pump Gain Idle/Acquisiti 345 460 575 LA/V 
(lqp/Timing Error) 
ItRQP ~ te oD" 0 35 46 60 A/V 
oF TRGAIN = 1 70 92 120 LAV 
Timing Error Offset BYP='1’, PDTST='1’, RFSR/ 
OFFte | RLZ inputs set to +180MV p54; +5 mV 
-180MVppq,and OMVppd 
Sliced Threshold Volt- LPFBYP='1’, PDTST='1’, CLK- 
age SEL='1’, Vary differential voltage 
Vs. | on RFSF/RLZ inputs, observe X, - - ue ae 
and X, 
Closed Loop Jitter 4 VCO output, 100 5 
F sample size=100,000 samples P 
1k) is 167.4 MHz/mA 
*Kpamp is the value of the Damping Ratio DAC DAMP(6:0), [0 to 127] 
Automatic Tracking Frequency 
PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Input Dynamic Range Vol Vol = (Voip —Vbin) 30 300 MVppd 
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PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
VGA Gain Avmax |Av=(Vpap -Vpan)/Vo1: 
Vpapin = 1-2V ppd 
Katac= 90000 3.4 4.0 4.25 
KatGc= 00001 4.53 5.33 5.65 
KatGc= 00011 6.8 8.0 8.5 VV 
Katac= 00111 11.33 13.33 14.1 
Katec= 01111 20.4 24.0 25.4 
Katac= 41111 38.5 45.3 48.0 
VGA Output Common Vom Vom = (Vpap +Vpan)/2 
Node Voltage Vo¢-3.0 Voer2.3 Voc-1.6 V 
VGA Output Offset Vos |Vos=(Vpap -Vpan), over entire 
: -50 50 mV 
Voltage gain range 
Low Tone Bandpass f0(BPLT) ftR=4 .85MHz, 
Center Frequency geometric mean of 3dB BW nae ae ney bie 
High Tone Bandpass fo(ppHt) |fTR=41.85MHz, 
Center Frequency geometric mean of 3dB BW B63 eats ne a 
Bandpass Q Qgp | fo(ep) divided by the bandwidth 40 45 5.0 
(Low Tone & High Tone) at the -3dB points. : : : 
Passband Ripple Rp 0.5 1.0 dB 
Low Tone Lowpass foit) |ATFFC='000’, STSEL='00" 
Cutoff Frequency ftR=41.85MHz, 5 5 5.5 kHz 
-30B point <¢ 
Low Tone PLL Center | foun |ATFFC= 000, ah BBM a i a 7 
Frequency 
Low Tone Q Qit | fort) divid ndwidth 
at Oy > ‘00' ne as a 
irercee 24 23.5 26 
Low Tone Settling Time T sit tone output within 10% of 
final value in response to DIP/N 
; 40 ps 
step from 0 to normal signal 
level, STSEL=’00’ 
STSEL='00’ 20 us 
High Tone Lowpass focut) |STSEL='00'”, f7R=41.85MHz, 
Cutoff Frequency -3dB point a : a 
High Tone PLL Center fot) |fTR=41-85MHz, STSEL='00 692.5 697.5 7025 kHz 
Frequency 
High Tone Q Qut — | foit) divided by the bandwidth 63 70 77 
at the -3dB points. STSEL=’00’ 
STSEL='00’ 31 35 39 
High Tone Settling Time Tsyt {High tone output within 10% of 
final value in response to DIP/N 
; 40 us 
step from 0 to normal signal 
level, STSEL=’00’ 
STSEL='00’ 20 us 
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PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
ATFOCP/N Output Level Input level and VGATF set for 
maximum ATF input. 240 MVppd 
ATFSEL=000 
ATFOCP/N Output RatFoc 
33 Q 
Impedance 
DIFREF Output Level VbREF 1.425 1.5 1.575 V 
STDIF maximum Vstpie_ |Measured differentially relative 
Output Level to Vpr_er with maximum signal 1.4 Vv 
conditions. 
STXT Threshold Vtust |VTHST=0.254-(14+0.0016-KATF) |0.95-Vrust | Vrust 1.05-Vrygt V 
Serial Interface Timing 
PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
SPCLK period T 50 ns 
SPEN set-up time Tsspen) | Relative to SPCLK T 40 ns 
SPEN hold time TH(sPEN) | Relative to SPCLK T 50 ns 
SPEN high to low to oO 
‘ 0 ns 
high 4 
SPDATA set-up time Tsispp | Relative to SPCLK T e 0 ns 
SPDATA hold time Tu(spp) | Relative to ae\a 5 ns 
SPDATA enable Toen | Relative “Sy 5 ns 
SPCLK low time Tisai caine LK J 30 ns 
SPDATA disable Topis tive to SPEN J 30 ns 
Tppp_ | Relative to SPCLK T 10 ns 


SPDATA prop. delay 
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ANALOG PRML CHANNEL for 
DIGITAL VHS APPLICATIONS 


990812 ADVANCE INFORMATION August 12, 1999 
FEATURES CONNECTION DIAGRAM 
* Sampled data read channel with maximum likelihood Viterbi <. 4 
detection nous S88a-Sn0_ 8 
* Programmabl ntin -time filter with t BEES2SS OOS SHEE SE 
; ogra al Ee cOnmnvonet! e rilter WI WO NOCOOOOOOoooooo8 
independently-variable real zeros SQUSSVVRSVEQITSE 
« Programmable five-tap transversal filter for PR4 pip ne 48 [4 ADPHLD 
equalization DIN C4 2 47 (4 VDD 
vec1 Cy 3 46 [VSS 
e ision-di VEE1 4 4 NC 
Analog/decision-directed AGC TPs ale a ats 
+ Fast timing recovery loop which locks to random data ea oS pak 
* Track cross detector me = : 40 3 vees 
* 6T detector eTeDo it 38 5 VEE? 
: CTcD1 [1] 12 37 [4 VCC8 
« Register programmable power management NC (J 13 36 [5 VEE8 
(<5 mW Power Down Mode) oon Shu een 
* Serial interface port for access to internal configuration eee is eee 
registers to load and verify register contents TRPRNANANAANIS SS 
¢ Single power supply (5V +10%) with optional 3.3V CMOS ee : 7 : : : : : : 
output supply zesageepeSreRare 
* Small footprint 64-pin PQFP package 3 
64-lead PQFP 
DESCRIPTION 
The VM65015 is a high performance BiCMOS read channel IC ABSOLUTE MAXIMUM RATINGS 
that provides all of the data processing needed to implement the 
front end of a Partial Response Class 4 (PR4) read channel for Power Supply Voltage 
digital VHS (DVHS) applications running at 19.1385 Mbps. NV GGassssnsedeanecanadenenedsarsnada steapadeinsmeapaechigaatesensean -0.3V to +7V 
Functional blocks include an AGC loop, programmable VDD ceesseete teeters etee ete etteeeteeeteeteeeeseeeeeaeseecseens -0.3V to +7V 
continuous time filter, sampling FIR filter, decision-directed Input Voltages 
timing recovery loop, Viterbi detector, internal 6T pattern Voc referenced ..........:eecceeeeeee eee -0.3V to (Vcc + 0.3V) 
detector, programmable threshold (read data envelope) track Vopp referenced .............cceceseseeeeeeeeeeee eee -0.3V to (Voo + oy) 
cross detector, programmable preamp write current reference, Storage Temperature Totg ...:.seeeeeteet eee -65°C to 150°C 
Junction Temperature Ty ........cccecccceccee eee et eeeeteeeeeeeeee 150°C 


and a set of test multiplexers for testing various internal signals. 
Programmable functions such as filter cutoff/boost, FIR tap 
weights, etc. are controlled by writing to onboard configuration 
registers through a serial interface. 

The VM65015 utilizes advanced BiCMOS process technology 
along with advanced circuit design techniques that result ina 
high performance device with low power consumption. The part 
requires a single 5V power supply and is available in a 64-Lead 
PQFP package. With the addition of a 3.3V supply, the 
VM65015 can also interface to 3.3V CMOS logic. 

For additional information, call VTC. 
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Thermal Impedance Characteristics of 64-Lead PQFP, Oj,. 


SUll Alnarsctesncssmbatunssdren dieostrocyanderatece smtcnacedohencestakiitd 51°C/W 
200 TOM AI NOW: iectvstenctcencntinsetnacahuncunianantsnanddstentiels 38°C/W 
GOO Toman NOW se ccsis liste ieaheekeees mhacesageasnaetenunceacsesaad 27°C/W 


RECOMMENDED OPERATING CONDITIONS 


Power Supply Voltage: 
Voc i coyisho-Srubit ‘a ayitvare yet 6px sy 0S) a1 sms ayi ayn nase pn niase seis ayaa cetetayasany a ayece-shae)a-aeielere tye +5V + = 10% 
Vip pisttetestetvmdswwiasieedatewestsieandieeaniiccan 3.3V + 10% or +5V +10% 
Junction Temperature Ty 0°C to 125°C 
External Components 


Bi aot acer teed eee 3.5kQ to 12kQ 
ect ata eet tien icana tt oedieeatetenetnaias 2.0kQ to 6kQ 
Be ety et cucocecriteaadtasiadet Iaedeeceesc te tear ba 4.0kQ to 32kQ 
10kQ to 40k 

10kQ to 40ka 

Pie ECs Ourtpiats 160 pe a eeeisctescssaieranceate caus vecenieasasas 2002 to 1kQ 
R_ ECL Outputs to Vog-2V oeesccecceseseseseseteseseseeees 502 to 1002 
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BLOCK DIAGRAM AND DESCRIPTION 


Automatic Gain Control 


* Dual mode AGC, analog during acquisition, sampled during 
read data 


¢ Dual rate attack and decay charge pump for rapid AGC 
recovery 


* Programmable, symmetric, charge pump currents during 
read data 


« Externally adjustable charge pump currents 
* Low-drift AGC hold circuitry 


* Externally adjustable one-shot pulse width for LOWZ 
control 


*« AGC hold, fast recovery, and AGC input impedance control 
signals 


* Wide bandwidth, precision full-wave rectifier 


Low Pass Filter/Equalizer 
+ Programmable, 7-pole, 0.05° equiripple continuous time 
filter provides: 
- Channel filter and pulse slimming equalization for PR4 
shaping 
- Programmable cutoff frequency from 3 to 8.5 MHz 
- Programmable boost/equalization of 0 to 13 dB 
- Programmable group delay of +80% 
- Minimized size and power 
FIR Filter/Equalizer 
* Five tap filter 
* Individual tap adjustment for fine equalization to PR4 target 
« No external components required 
* Independent and/or dependent self adaption of tap weights 
« ADP hold feature controlled by external pin or internal 6T 
detector 
Timing Recovery 
* Single external capacitor required 


* Fast acquisition, sampled-data phase-locked loop which 
locks to random data 


* Decision-directed clock recovery from data samples 
* Programmable damping ratio 


Maximum Likelihood Detector 
* Sampled Viterbi detection of signal equalized to PR4 
« Programmable threshold window 
* Survival register length programmable to ten or twenty-one 
* Excess zeros counter monitoring consecutive recovered 
data zeros to aid in tape dropout detection 
6T Detector 
* Serial register bit enabled 
* 6T length programmable to four or eight 
* Invokes FIR adaption hold when detected 
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Track Cross Detector (TCD) 


Attack (charge) currents limited to reject glitches 
Programmable read data envelope threshold 


Programmable decay (discharge) currents via serial 
registers 


Head-select-dependent TCD hold capacitors eliminate long 
transitions due to head differences 


Write Circuitry 


Five bit programmable write current reference for preamp 
TTL to differential ECL write data level shifter 


DEFINITIONS AND ABBREVIATIONS 


AGC Automatic Gain Control 

Biquad chice atwo-pole tier element 
BiCMOS Bipolar and CMOS technology 

BW Bandwidth 

CMOS Complementary Metal Oxide Semiconductor 
CTF Continuous Time Filter 

DAC Digital to Analog Converter 

ECL Emitter-Coupled Logic 

EQ Equalization 

FET Field Effect Transistor 

FIR Finite Impulse Response 

fpm Feet Per Minute 

fo Center Frequency 

fe Cutoff Frequency 

fs Sample Frequency 

Om-C Transconductance-capacitor integrator 


stage used in filter 


IC Integrated Circuit 
Ky VCO gain in MHz/V 
Kyco VCO gain in Mrad/V 
LPF Low-Pass Filter 
LSB Least Significant Bit 
LMS Least Mean Squared 
Mbps Megabits per second 
ML Maximum Likelihood 
MSB Most Significant Bit 
PGC Programmable Gain Control 
PLL Phase-Locked Loop 
PR Partial Response 
Partial Response Maximum Likelihood, a 
PRML type of data recovery 
PQFP Plastic Quad Flat Pack 
RM Read Mode 
TCD Track Cross Detector 
TTL Transistor-Transistor Logic 
VCO Voltage Controlled Oscillator 
VGA Variable Gain Amplifier 
VITTH Viterbi Detector Threshold Voltage 
VTHDO Dropout Detector Threshold Voltage 
VIHTR Timing Recovery Threshold Voltage 
Vopd Peak-to-Peak Differential Voltage 
WM Write Mode 
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Figure 148 VM65015 Top Level Block Diagram 


BLOCK-BY-BLOCK FUNCTIONAL DESCRIPTION 

The VM65015 is a high performance PR4 read channel. It includes AGC, track cross detector, programmable continuous-time filter/ 
equalizer, programmable FIR filter/equalizer with adaptation circuitry, decision-directed clock recovery, Viterbi detector, internal 6T 
pattern detector, and write current reference for the read/write preamp. A three-wire serial interface configures the internal storage 
registers. 


Gain Control 

Gain Control consists of a wide-band variable gain amplifier (VGA) with an input impedance switch, a programmable continuous time 
filter, charge pump, amplitude detector, and exponentiator. A block diagram is shown in Figure 149. The Gain Control has two modes: 
automatic (AGC), and programmable (PGC) gain control. The mode of the Gain Control is selected by the PGCEN control register bit 
(register 4:data bit <7>): PGCEN = 0 defines the AGC mode and PGCEN = 1 defines PGC mode. Gain Control is active during read 
or idle modes, as defined by setting WG signal (pin 50) to ‘0’. 

The automatic gain control (AGC) circuit is used to maintain a constant signal amplitude at the output of the continuous time filter 
while the input is allowed to vary over a 10:1 range. During signal acquisition an analog AGC loop is used to ensure quick convergence 
to the correct signal amplitude. In Tracking mode a sampled/decision- directed closed loop AGC is used for improved accuracy. The 
programmable gain control (PGC) circuit is used for test purposes to control the VGA gain with an internal DAC (0:<D8-D11>). In PGC 
mode the AGC loop is disabled, and the VGA gain is a linear function of the DAC count. The read signal is externally AC coupled into 
the VGA amplifier on the DIP/DIN (pins 1 and 2 respectively). The gain of the VGA is controlled by the voltage stored on the Cagc hold 
capacitor. The read signal is amplified and equalized by the continuous time filter. The output of the filter, FNP/FNN, is internally AC 
coupled, creating the FAP/FAN signal, which connects to an amplitude detector and the FIR filter. The continuous-time AGC loop locks 
the differential peak-to-peak voltage at FAP/FAN to Vra=0.5Vppq for inputs ranging from 30-300MV p54. 

Test modes are provided in which the filter outputs, FNP/FNN, and the VGA inputs and outputs, DIP/DIN, VGAP/VGAN, are 
multiplexed to the TP2P/TP2N output pins. 
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The analog AGC loop consists of the VGA, programmable continuous time filter (CTF), amplitude detector, exponentiator, and an 
external capacitor Cago charged by a dual rate charge pump for fast transient recovery. Charge (or decay) currents increase the 
capacitor voltage Vcagc and increase the VGA gain while discharge (attack) currents lower the capacitor voltage Vcoagc and reduce the 
VGA gain. The magnitude of the charge pump currents are controlled by various timing signals and DAC settings. In general when a 
new track of data is read the part enters a fast acquisition mode (FAQ) where the loop enters a continuous AGC mode and the charge 
pump currents take on high (fast) values to increase the loop gain and reduce lock time. After a time-out period T-sp, set by external 
resistor Resp, the loop enters a normal continuous AGC mode and the charge pump currents take on low or normal values. After 
another time-out period set by an internal counter with a programmable number of clock periods, the loop switches into a sampled 
high gain mode and the charge pump currents are set to their sampled high gain values. Finally a second clock-period counter switches 
the loop into a sampled low gain mode with a set of sampled low gain currents. Figure 150 and Figure 151 show the timing for the 
AGC loop and Table 197 shows the various charge pump currents referred to in the following discussion. 


Fip Continuous FAP 
> DIP@ Z Switch Time a i 
o FIR Filter 
> DIN@ FIN Filter FAN — 
Amplitude 
Detector 
Decision 


Amplitude 
Detector 


From Preamp 


TIMING 
CONTROL 


To Timing Recovery Loop 


Figure 149 Gain Control Block Diagram 


For the normal continuous AGC mode the normal charge current lgnc charges Cage for Vea < 100% of the target value. The value of 
lanc is set by an external resistor connected between RAF and VEE1 (pins 62 and 4), given by the following equation 
1.2V 


lonc= 20 - Rie (eq. 141) 


Rar also sets the continuous time filter cutoff frequency. For a data rate of 19.1385 MHz, Ra- should be set to 10kQ. This will yield 


an lgnc Of 6UA. Cagc should be set to 820pF nominally. 
If 100% < Vea < 125% the normal discharge current Ignp is active which equals18X the normal charge current as given by 


lonp= 18- lonc (eq. 142) 


For Rar=10kQ and Igup=108uA, the normal attack rate is thus 18X the normal decay rate. 
If Vea > 125%, a fast discharge current Igep is active which equals 8X the normal discharge current, or 144X the normal charge 


current. lgrp is given by 


The fast attack rate is thus 144X the normal decay rate. For Rar=10kKQ Igep=864nA. 
In the fast acquisition mode the charge current is increased to 9X times its normal value and the discharge current is forced to its 


fast value for all values of Ve, > 100%, not just those >125% 


For Rar=10kQ Ig¢c=54uA, there is an “ultra fast” charge current Iqurc equal to 160X the normal charge current. Iqurc is active only on 
the initial charge up in the fast acquisition mode. Once V;, has exceeded 100%, Iqurc is disabled and if V-, drops back below 100%, 
the fast charge current Ig¢¢ will be active. 
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A read cycle can be initiated in one of three ways: A positive transition on RG, a positive or negative transition on HDSEL (pin 51) 
while RG=’1’, or a negative transition on the track cross detector (TCD) while RG='1.’ A timing diagram for the AGC read cycle in read 
mode (pin RG=’1’) is shown in Figure 150. Shown are both transitions of HDSEL, and a TCD pulse. The HDSEL transition indicates 
that a new head is being used which will invariably have different characteristics from the previous head and hence the need for a new 
read cycle. 

To avoid transients associated with the head switch being injected into the part, the part is put into a “LOWZ” mode where the VGA 
gain is squelched to 0, the input impedance is reduced by 10X, and the Cage voltage is held at its current value. An internal one-shot 
signal LOWZ defines the LOWZ mode and is initiated each time HDSEL is switched. The width of this pulse T,z is set by an external 
resistor, R.z, connected between RLZ and VEE1 (pins 64 and 4) as given by 


Tz = 0.075 -Ry7z (eq. 146) 


where R,.z is measured in kQ and T,z in us. 


R,z should nominally be set to 20kKQ which sets T,7 to 1.5us. After LOWZ goes low the input impedance is returned to its normal level 
and the VGA gain is no longer squelched. A read cycle can also be initiated by a negative transition on the TCD output indicating that 
a track crossing has been detected by the track cross detector (see Track Cross Detector on page 73). The track cross detector senses 
when the input level drops to an unacceptably small level during trick modes as the heads scan across the tracks, and switches the 
internal TCD signal to a ‘1.’ There is no impedance change nor is the Cagc held in this case. While TCD is high the part is put into idle 
mode where the PLL locks to the external frequency reference. Control register bit COAST, when set to a ‘1,’ will disable the phase 
detector in idle mode, allowing the timing recovery capacitor Cy, to hold its value, “coasting” the loop. Upon the falling edge of TCD, 
a new read cycle is initiated. 

With either the falling edge of LOWZ or the falling edge of TCD, the charge pump output is again enabled, allowing the loop to 
reacquire lock to the new data, using the Cagc voltage as an initial condition. The loop then normally enters the fast acquisition mode 
(FAQ) where the “ultra fast” charging current Igurc increases the VGA gain at 160 times the normal decay rate until Ve, exceeds 100% 
of the target value. Thereafter, the loop response is determined by the fast charging current lg¢¢ and the fast discharging current lggp. 
External resistor Resp sets a time-out period Tsp after which the loop will automatically switch back to the normal mode. Trsp is given by 


Trsr = 0.075 - Resp (eq. 147) 


WResp is measured in kQ. 
Tesp is in us. 

Resp should nominally be set to 20kQ which sets Trsp to 1.5us. It is the falling edge of FAQ which activates the internal READ signal, 
triggering a new read cycle as shown in Figure 151. Only a transition on HDSEL or a negative transition on WG (see Figure 152) will 
create a LOWZ condition, but the FAQ mode and subsequent read cycle occurs with either the falling edge of LOWZ or the falling edge 
of TCD. Figure 153 shows a read cycle initiated by the RG pin. Note that for a read to occur there must be both a falling on FAQ and 
the condition RG='1’, the order does not matter. 
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Figure 150 Read Mode AGC Timing Diagram, RG=1 


= 
x 
m 
o 
2 
9 
za 
> 
CT 


lonc=1.2/(20-Rar)=6uA for Rap=10kQ 


TCD os ae — 
‘QUFC= “TQNC 'QFD= “TQNG 
Se «—— Continuous AGC ae Sampled AGC ————> 


FAQ ee ee “ee 
.«— Fast Acq.»«— Normal Acq.—»« Sampl. Acq.» 


Charge lanc: Vea<100% 
Pump inially | farc: Vea<100% | — layp: Vra>100% 
Currents lquec initially ‘arc: VFaA< 7 ano: VFA> © Iqu=lanc:(6+Kgqpi) lqu=lanc‘Ksap 
until Veq>100% | _Igep: Vra>100% larp: Vea>125% _ | Charge = Discharge Charge = Discharge 
~< a ae — 


> 
READ ary, 2 Byte Times \ 
4,5,7,or9 
AGC t- Byte Times High Gain —»<«—_——_ Low Gain — 


<— PFD Output >< DDPD Output ———> 


0,1,2,o0r3 
PLL “— Byte Times —”/ 8 \ 


<x PLL Idle Mode ———-»\«— PLL Acquisition Mode —»\«— Tracking Mode ——>| 


Figure 151 Read Mode Timing Diagram, RG=1 
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Figure 153 Write-to-Read Timing Diagram 


If control register bit TFAQ is set to a ‘1’, the loop will stay in the fast acquisition mode, ignoring the FAQ pulse and not switching to 
normal mode until TFAQ is set to a ‘0’. This is to facilitate testing of the fast acquisition mode. If serial register bit DHBW (disable high 
bandwidth) is set to a ‘1’, the FAQ mode still charges initially at the “ultra fast” rate, but then switches to the normal charge and 
discharge currents (or fast discharge current if Ve, > 125% of the target value as described above) immediately without waiting for 
FAQ to go low, thus effectively eliminating the fast acquisition (or high bandwidth) mode. The test bit HLD when set to a ‘1’ forces the 
charge pump into a hold mode. 

The sampled AGC loop consists of the VGA, programmable continuous time filter, sampling 7-tap FIR equalizer, decision amplitude 
detector and charge pump, and exponentiator. Symmetrical charge and discharge currents are utilized in the sampled mode. A sample 
is considered a ‘1’ if its amplitude exceeds 90mV (50% of 0.71-Ve,) otherwise it is a ‘0’. Sampled 0’s are ignored by the loop, while 
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sampled 1’s charge Cagc when the sample is below 180mV (0.71-Ve,) and discharge Cagc if the sample exceeds 180mV. The 
magnitude of the charge and discharge currents are equal and take on a value of Ig, in the high or acquisition modes; and lg, in the 
low or tracking modes. 

A falling edge FAQ while RG='1,’ or a positive transition on RG initiates an acquisition sequence where the AGC and timing recovery 
loops will switch into a sampled mode. An acquisition counter begins on the falling edge of FAQ as shown in Figure 151, or the rising 
edge of ‘RG’ as shown in Figure 153. An internal READ signal is generated after 16 periods of the timing recovery clock have elapsed. 
The 16 periods are referred to as two byte times, in reference to the amount of data read during this time period if the timing recovery 
loop were to be already locked. The AGC loop transition into high gain sampled mode and the PLL transition into tracking mode are 
based on two programmable sync field counters, AGCSFC (15:<D2-D3>) and PLLSFC (15:<D0-D1>), which are started when READ 
transitions high. The AGC SF count is determined by one of four programmable counts of 4, 5, 7, or 9 byte times. The AGCSFC 2-bit 
word in the control register sets the byte count, and after counting the proper number of clock cycles, internal signal AGC transitions 
high and the AGC loop switches into sampled mode with the charge pump in the high gain mode (see Gain Control on page 67). 
Similarly, the PLL SF count is programmed by the 2-bit PLLSFC control register word to 0, 1, 2 or 3 byte times following the AGC SF 
count at which time Internal signal PLL goes high. At this time the sampled AGC charge pump switches to the low gain mode. The 
PLL transitions from idle to acquisition mode when READ goes high. The PLL remains in acquisition mode through the sum of both 
the AGC SF and PLL SF counts, whereupon, it transitions into the tracking mode. Table 196 shows the sync field counts and clock 
cycles corresponding to each AGCSFC and PLLSFC value. 


Table 196Sync Field Counts 


AGCSFC ee Clock Cycles PLLSFC ar Clock Cycles 
00 4 32 00 0 0 

01 5 40 01 1 8 

10 7 56 10 2 16 

11 9 72 11 3 24 


During write mode (RG='0’, WG='1’) the VGA is squelched, the impedance switch goes into the low Z state, and the AGC capacitor 
voltage is held, the same way that it is during a head switch. Upon the falling edge of WG the AGC loop enters the fast acquisition 
mode similar to the way it does in read mode when TCD goes low. The only difference is the AGC loop will stay in the normal 
acquisition mode and the PLL will stay locked to the reference until RG is set high, at which point the READ, AGC, and PLL signals 
will switch in turn similar to the way they do when TCD switches low. Write-to-Idle-to-read timing is shown in Figure 152 and Figure 153. 

The sampled charge pump currents Iq and Iq, are controlled by the SQPI(1:0) control register bits whose value is represented as 
Ksgp; and varies from 0 to 3. 


Tor 7 Tenc , Kggpy (eq. 148) 


So, for Rar=10kQ., Ig will equal 0-18yA, and Iq, will be to 36-54uA. The charge pump operation for all the various AGC modes is 
shown below in Table 197. 

The VGA has an exponential characteristic of gain versus control voltage in order to minimize response time over the entire range 
of input voltages. Equation (eq. 150) expresses the VGA normal mode gain (Ay), in Volts/Volts, as an exponential function of the control 
voltage on the selected CAGC (pin 61) where Aymax) is 46V/V and Vcagc nominally ranges from1.4V to 2.8V. 

ex - ecese) 
“\ 0.53V 
Ay= Aarne -e (eq. 150) 
where Avis in 39 V/V 
Vax is the capacitor voltage at max gain (nominally 2.5V but highly process dependent). 
Voaacx nominally ranges from 0.8 to 2.5V. 

In the PGC mode, the amplitude detector, charge pump, and exponentiator are disabled, and the gain of the VGA is controlled by 

the PGC control register. The VGA has a linear gain versus DAC count and is expressed by the following equation. 


Ay= 2.244 2.8 - Kpoc (eq. 151) 
where Avis in V/V and Kpgg is the value of the PGC(3:0) control word which ranges between 0 and 15. 


Note: PGC mode is used primarily for test. 
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Table 197AGC Charge Pump Operation 


DHB Dischar har 
Mode | AGCLoop | Event | TFAQ SPI scharde Gialge 
WwW Current Current 
LOWZ HOLD al x x XX 0 0 
HOLD HOLD HLD=1 XX XX XX 0 0 
TCD 
eo 
oe Xx 0 XX 0 Pree eae 
Continuous Vea<100% 
High BW initially 
Veq>100% | X 0 Xx eget lace 0 
Fast Acq. Veq<100% | X 0 Xx 0 gees Odie 
Ven<100 = . 
initially Xx 1 Xx 0 re (cee 
Continuous Veq>100% X 1 XX lano=18-lanc 0 - 
Low BW < 
Vea>125% | X 1 XX lorv=144-lone 0 ae 
o> 
Vea<100% | X 1 XX 0 lence 2G0RAS 2 tf 
<x O 
FAQ’ \_ = 
Vea<100% 0 Xx XX 0 lanc 
Monmal Continuous 
Acq. Veq>100% | 0 x XX lanie=d elie 0 
Vea>125% | 0 Xx XX (ep tle 0 
00 lan=6-lanc lan=6-lanc 
Sampled 
Acq. 00 lan=7 lane lan=7-lanc 
Hlah Sampled AGC _/- X X 
( 9 01 lan=8-lanc lan=8-lanc 
Gain) 
10 lan=9-lanc lan=9-lanc 
00 0 0 
Tracking 01 lat=lanc la=lane 
(Low Sampled PLL _/_ Xx Xx 
Gain) 10 lar=2:lanc lar=2:lanc 
1 1 lac=3-lanc la=3-lanc 


Track Cross Detector 

The track cross detector is shown in Figure 154. The track cross detector is used in the trick or edit modes when the scanner and 
heads cross over more than one track in a revolution. It is desirable to read as much valid information from the tape in these modes 
so video and position information can be obtained. 
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Figure 154 Track Cross Detector Block Diagram 
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Figure 155 Track Cross Timing Diagram 


A timing diagram of the process is shown in Figure 155. The envelope of the input data amplitude will rise and fall, peaking at the 
track center and going to some minimum value halfway between tracks. Between tracks the data consists of interference between the 
2 tracks and thus cannot be read intelligibly. The track cross detector generates an internal signal TCD which goes high when the input 
level drops to an unacceptably low level. The TCD signal is used to gate the internal READ signal such that when TCD is high, the 
part switches back into idle mode where the AGC loop is in the continuous time mode, and the PLL is locked to an external reference. 
When TCD drops low again, anew READ cycle is initiated where the AGC switches into sampled mode and the PLL locks to the input 
data. 

Due to the exponential relationship between gain and input level in the AGC loop, the Cage voltage, shown in Figure 155, will vary 
inversely with the data amplitude with a non-linear shape. When the input data peaks, Verge will be at a minimum, and when the input 
data is ata minimum, Vag will be at a peak. By subtracting Voagc from an internal 4V voltage reference, a signal proportional to the 
input data envelope can be generated, as shown in Figure 155. This signal is peak detected with a fast attack and variable slow decay 
and drives A DAC-controlled resistor divider that sets the threshold of a comparator which compares the subtracted Cage to the 
threshold. The comparator output is TCD. The threshold V,,, is user adjustable using a non-linear multiplying DAC such that the level 
at which TCD switches relative to the input signal can vary between roughly 20% and 60% of the input peak voltage. This corresponds 
to 20% to 0.94% of the peak signal Vp,~ as shown by 


Vex 
ee eee 
1+2-Kycprn 


Vrn= (eq. 152) 


1 


where Kreptp is the value of TCDTH(4:0) bits in the serial control register. A plot of V74/VpK vs. Ktcpty is shown in Graph 1 on page 75 
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Graph1_ Track Cross Detect Comparator Threshold vs. DAC Setting 


Two external capacitors (Crcp9 and Cr¢p;) connected to CTCDO and CTCD1 (pins 11 and 12), are used to hold the charge of the 
peak detector. Since there can be considerable gain and level differences from head to head, two capacitors are used, one per head. 
The HDSEL signal will switch the proper capacitor into the circuit using an internal analog MUX, as shown in Figure 154. The attack 
current is fixed with an emitter follower in series with a 250Q resistor. This limits the attack time and helps reject spikes in the Cage 
voltage that result from a head switch and the squelching of the AGC input. The decay time is user programmable and is given by 


0.065 
Itcp = Rap (Kirepo + 4° Kyrep1 + 16 - Kizepa) ep ioe 


where K)t¢p is controlled by the ITCD bits (1:<D9-D11>) in the serial control register, and Rar is the value of the same external resistor that sets the AGC charge pump 
currents and the filter cutoff frequency. 

It is desirable for the peak signal to decay about 5% over the length of a track crossing cycle. This allows noise spikes, which may 
generate an incorrect peak voltage to decay, but still maintains a relatively flat peak voltage. The trick mode speeds can vary from +4X 
to +100X, causing a 25:1 ratio in the track cross period, and thus the decay current will need to vary as well. The non-linearity in the 
decay time equation is due to the discrete values of trick play speeds and the fact that with the data written on an angle with respect 
to the tape (see Figure 155), there is a difference in the track cross period between forward and reverse speeds. The system was 
designed for a Crep of 0.68uF and an Rag value of 10kQ, resulting in litcp ranging from 6.5-136.5uA. Table 198 shows the various trick 
modes and their burst periods, the decay current DAC setting and resultant decay current, and the Vp, voltage droop for the values of 
Crop and Rar given above. Note that decay current scales with Ra- but charge current does not, and thus designs with large values of 
decay current may not exhibit proper peak detect behavior. 


Table 198Track Cross Decay Current and Droop 


Mode | purst Period | TPZ) | mii SoKa) | (Coc06aur) 
+4X 11.4ms 001 6.5nA 109mV 
-4X 6.7ms 001 6.5nA 64mV 
+12X 3.0ms 010 26nA 115mV 
-12X 2.55ms 010 26nA 98mV 
+24X 1.36ms 011 32.5nA 65mV 
-24X 1.3ms 011 32.5nA 62mV 
+50X 0.7ms 100 104A 107mV 
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Table 198Track Cross Decay Current and Droop 


Track Cross . lrep Droop Voltage 
il Burst Period | 'TCD(2:0) (Ry-=10kQ) (Crep=0.68i1F) 


+100X 0.35ms 111 136.5nA 70mV 
ath of Head ath of Head 
af normal speed Bi 12X speed 


Figure 156 Tape Track Format 


In trick mode there can be up to an 8% shift in data rate due to the geometry of the head crossing the track at an angle. This is shown 
in Figure 156. While TCD is high, the part is locked to the external FREF signal, which does not have the frequency shift in it. There 
would thus be two different frequencies the VCO would try to lock to depending on the level of TCD, and consequently there would be 
two different C;, voltages. Transient time would be degraded since there would need to be a frequency lock as well as a phase lock, 
with the lock time limited by the bandwidth of the PLL (see Timing Recovery Loop on page 87\. The user can improve trick mode 
performance by using the frequency DAC. 

The VCO center frequency can be adjusted up to +12.5% through the use of two 5-bit DAC’s in the serial control register. During 
normal play (TCD=’0’) the normal DAC is active and controlled by FRQN(4:0), and during trick mode the trick DAC is active and 
controlled by FRQT(4:0). The VCO and timing recovery frequencies are modulated by either DAC according to 


0.125 
frr = Fro 1 +3 Kero] 


(eq. 154) 


where Kerg is the 2's complement value of either the FRQN(4:0) or FRQT(4:0) control register words and range from -16 to +15, f tRq is the O-DAC timing recovery clock 
center frequency, and f rpis the timing recovery frequency modulated by the FRQ DAC. 

By setting the appropriate DAC values, the trick mode data rate offset can be accounted for, and the Cy, voltage can be maintained 
between normal play and trick play. Typically the normal DAC will be set to 00000 and the trick DAC will have the frequency offset. By 
using both DAC’s, however, part-to-part variation can be accounted for resulting in better centering of the C;, voltage around OV where 
charge pump current offsets (which affect static phase errors) are minimized and VCO dynamic range is maximized, which may lead 
to performance improvement. 

The track cross detector is enabled with the TCDEN bit (7:<D8>) in the serial control register. If TCDEN = 0, TCD will never switch 
and no new read cycle will be initiated regardless of input level. The normal frequency DAC (13:<D7-D11>) is used throughout. If 
TCDEN = 1, TCD will determine which DAC input to use. When the signal input is large (4v-Vcagc is above V74) and TCDEN=1, TCD 
is low and the FRQT DAC input (14:<D7-D11>) is used. When the input signal is 4v-Voagc is below V+4) and TCDEN=1, TCD is high 
the FRQN DAC input (13:<D7-D11>) is used. If no frequency shift is desired in trick mode, then the user will need to program the 2 
DAC settings to the same value. 


Continuous Time Low-pass Filter/Equalizer 

The filter is implemented as a 7-pole, 0.05 degree linear phase, equiripple low pass continuous time filter (CTF). The cutoff 
frequency, boost, and DC group delay are each individually programmable.The basic building block for the filter is the integrator (g,,- 
C) stage which consists of a transconductance amplifier driving an on-chip capacitor. Four g,,-C stages and two capacitors 
interconnected as shown in Figure 157 form a biquad, which has a second order transfer function as shown in equation (eq. 155) 
below. 
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Figure 157 Biquad Block Diagram 
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Figure 158 Filter Block Diagram 
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Three of these biquads and a single integrating g,-C stage are cascaded to form a seven-pole low pass filter as shown in Figure 
158. Boost, or pulse slimming, is implemented by feeding the filter input through two variable gain (or multiplying) stages to the 
normally grounded terminals of the capacitors of the g,,-C stage in the first and second biquads. Mathematically boost adds zeros to 
the overall filter transfer function which is shown in equation (eq. 156) below. 


Vv 


2 2 2 2 2 2 
i Ss +8(@,,/Qo,) + @o1 S + 8(Wp/Qo5) + Moo S + (M37 Qo3) + Wo3 


2 5 2 2 
Wo —Bs — as Moo Mo3 ( Mo4 , 
ema aaa a emmema memes ie] (ak) (inner a mena ae cmareesee ae eg. 156) 
S + Woy 


where, Ay = -3.2dB, ®g = 2nf¢, 
Fc = programmable filter cutoff frequency (FCH1, FCHO) 

a = programmable symmetric zero coefficient (BSTH1, BSTHO) 
B = programmable asymmetric zero coefficient (GDH1, GDHO) 
@o1= 1.148-@9, Qo; = 0.681 
@g2= 1.718-Wg, Qgo= 1.114 
@93= 2.317-, Qg3= 2.022 
@g4= 0.861-09 


Note that the filter has an attenuation factor of -3.2dB. The filter output is coupled to the FIR filter and full-wave rectifier through on- 
chip coupling capacitors to reduce the effect of offsets in the filter as shown in Figure 148. The low frequency pole associated with the 
coupling capacitors is set nominally to 20kHz. 


VTC Inc., 2800 East Old Shakopee Road, Bloomington, MN 55425, 612-853-5100 3-77 


SLINDYID 


= 
x 
m 
o 
2 
9 
2 
> 
> 


\/ 
& VM65015 990812 


Cutoff frequency is controlled by one of two continuous time filter f, DAC’s and a current set by the external Ra; resistor. The control 
word for the DAC is read from either the FCHO or FCH1 register depending on the value of HDSEL. Cutoff frequency (f,), in MHz, is 
related to the binary control word by the following equation 


feo = (0.15 -K,.+5.0)- s (eq. 157) 
Rap 
where Keg is the value of either the FCHO(5:0) or FCH1(5:0) control words and ranges between 0 and 63, and Rar is in kQ. Rar is the same external resistor that sets the 
Gain Control charging currents. 

Group delay for an ideal 0.05 degree equiripple filter is flat within one percent out to twice the unboosted cutoff frequency. Because 
group delay is extremely sensitive to device mismatches and parasitic effects, a “real” filter will have variations of several percent. 
Group delay flatness is defined as the variation about an average value out to the specified frequency. The VM65015 group delay 
flatness is specified to be less then 4% out to 1.5 times the unboosted cutoff frequency. It is expressed in percent because the group 
delay is inversely related to the unboosted cutoff frequency, and is about 46ns at a cutoff of 1OMHz. Thus at this cutoff frequency, the 
group delay varies by less than 2ns out to 20MHz. A typical group delay is shown in Graph 2. 
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Graph 2 Typical Group Delay of AGC and Filter (with f, = 10MHz) 


The absolute group delay through the Gain Control block and the filter consists of both a fixed delay and a delay that varies inversely 
with cutoff frequency. The group delay Tgp, in nanoseconds, is expressed as 


Top = E + Shas (eq. 158) 
fc 


where f¢ is the filter cutoff frequency in MHz. A graph of equation (eq. 158) is shown in Graph 3. 
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Graph 3 Typical Group Delay vs. Cutoff Frequency 


Setting the desired boost through the boost control register bits (with the group delay register set to zero) produces symmetric zeros 
on the real axis (a in equation (eq. 156)). This maintains the constant group delay as in the no-boost case. The amount of boost 
equalization depends on the value output of either the BSTHO (11:<D0-D4>) or BSTH1(12:<D0-D4>) control register words, depending 
upon the value of HDSEL. Boost is programmable from 0 to 13dB as measured from the low-frequency gain portion of the frequency 
domain transfer function to the peak in the transfer function. Graph 4 shows two normalized filter response curves, one with no boost 
and the other with maximum boost. Shown are the unboosted and boosted cutoff frequencies and the frequency where the filter 
response peaks, defined as the gain peak frequency, fpeax- Graph 5 shows the nominal relationship between the BST control word and 
the resulting boost level relative to the DC level. Notice the absence of peaking when BST is below 8. In this region the bandwidth is 
pushed out but the gain doesn’t peak above the DC level. 
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Graph 4 Normalized Filter Frequency Gain, Boosted & Unboosted 
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Graph 5 Filter Boost Control 


Graph 6 shows the effect of boost on the cutoff frequency. With maximum boost the cutoff frequency is over triple the unboosted 
value. Also shown is the gain peak frequency, freax, which for maximum boost achieves a value of over 1.5 that of the unboosted 
response. Graph 7 displays the same data as Graph 6 plotted against the resultant boost value rather then the DAC code. 
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Graph6 Normalized Cutoff and Gain Peak Frequencies vs. Code 
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Graph 7 Normalized Cutoff and Gain Peak Frequencies vs. Code 


Group delay can be varied by +30% from the symmetric zero condition via control DACs in the serial control register. There are two 
sets of group delay DAC register bits, GDHO(2:<D6-D12>) and GDH1(3:<D6-D11>), corresponding to each head chosen via HDSEL 
(pin 51). The group delay registers can be used to produce asymmetry in the zeros causing the group delay to vary with frequency (8 
in equation (eq. 156)). This can be desirable to compensate for asymmetry in the heads/media components. The group delay registers 
are six bits wide and are represented in two’s complement format. A code of +31 corresponds to a DC shift in group delay of +30%; a 
code of -32 corresponds to -30% shift in DC group delay. The percent shift in DC group delay can be expressed as 


Top 


x 100 = 0.95: Kep (eq. 159) 
GD, 


where Kgp is the value of the 6-bit GDHO or GDH control word. 


The boost is held nearly constant as group delay is varied. This is accomplished by moving one zero in and the other zero out at the 
same frequency. At zero boost, the zeros are at +. Therefore it is impossible to move one out as one is moved in. In this extreme 
case, it can be seen that the identical unboosted transfer characteristic cannot be maintained as group delay is varied. Graph 8 shows 
the effect on group delay of programming the group delay register to zero and to the two extremes, and Graph 9 shows the effect on 
the magnitude response as the group delay register value varies over extremes and under several boost conditions. 
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Graph 8 Normalized Group Delay (max fc, max boost) 
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Graph9 _ Gain Variations with Different Boost and Group Delay Settings 


A test feature exists in the filter where a differential signal may be applied to the RLZ and RFSR inputs (pins 64 and 63) which can 
be input in place of the AC coupled filter output. Control register bit LPFBYP (Low Pass Filter BYPass) when set to a ‘1’ controls this 
output test MUX, as shown in Figure 158. The voltage level on both RLZ and RFSR should be kept above 2V to ensure that the normal 
RLZ and RFSR bias circuitry remains off. 


FIR Filter/Equalizer 

The FIR is a five tap transversal filter with independently controllable tap weights. Independent control provides both gain and phase 
adjustment of the input signal. The tap weights must be directly programmed into the serial registers’ weight vector locations 
designated FIRO through FIR4, which set tap weights Ky-K, respectively. Taps 1 and 3 have two registers each, one for each head. 
HDSEL (pin 51) selects the appropriate register. HDSEL=’0’ will select registers FIR1HO (2:<D0-D5>) and FIR3HO (4:<D0-D5>) for 
FIR1 and FIR3, and HDSEL=’1’ will select registers FIR1H1 (3:<D0-D5>) and FIR3H1(5:<D0O-D5>) for FIR1 and FIR3. Taps 0, 2, and 
4 (0:<D1-D5>, 6:<D0-D4>, and 1:<D1-D5> respectively) are shared by both heads. 


3-82 VTC Inc., 2800 East Old Shakopee Road, Bloomington, MN 55425, 612-853-5100 


\/ 
VM6501 3 


990812 


As with any sampled system the response is periodic in the frequency domain. The center tap provides a flat response over 
frequency. The inner set of taps adjacent to the center tap produce a periodic response that is sinusoidal in shape and repeats at 
multiples of the sampling frequency. The sampling frequency in this situation is the channel data rate. The outer set of taps, two delays 
away from the center tap, are periodic at half the sample frequency. The general frequency response for a given set of taps is given by 


H,(e!")= (K_,+K,,)cos(n@T) + j(K_, —K,,) sin(noT) (eq. 160) 


Where n is the count away from the center tap, K, is the gain of preceding taps, K_, is the gain of past taps. 
The T term is the channel sample interval. This is the ideal response for a single set of taps. The net response for all the taps is the 
sum of each pair and the center tap. As shown below: 


joT j T 
He!” = Hye 


oT joT jo 
+ H,e’ + H,e’ (eq. 161) 
The Graph 10 illustrates the possible gain variations achievable when symmetric taps are swept together over their allowable ranges, 


as listed in Table 199. 
The Hg term provides only a flat frequency response with varying values of gain. The gain response also includes finite bandwidth 
characteristics of the sampler. The sampler bandwidth is about 120 MHz and will have some effect on the frequency characteristics. 


The ideal gain limits for the taps are shown below. 


Center Tap Gain K, (Ky,34=0) Tap Gain K, & K; (Ko2,4=0) 
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Graph 10 FIR Symmetric Tap Frequency Response Curves 
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Table 199 FIR Tap Gain Settings 


Tap Ky Ky Ky K3 Ky 
Gain Range -0.312 -0.9375 +1.09 -0.9375 -0.312 
0.293 +0.293 +1.70 +0.293 +0.293 
Actual bits 5 6 5 6 5 
Eff. bits 7 fs 7 if 7 
Resolution (1/64)-1.25=19.56mV/V 


FIR Adaptation Circuit 

An adaptive system of any kind consists of a plant that performs some function (process, filter, etc.), a means of determining the 
performance of the plant, and an algorithm used to adjust the plant’s controls. The FIR Adaptation block uses a decision-directed error 
metric to quantify the system performance and a sequential binary Least Mean Squared (LMS) adaptation algorithm to adjust the tap 
weights. In this system the plant is the FIR and the plant controls are the outer tap weights. The center tap weight is not adjusted 
because it primarily controls the DC gain of the equalizer and that function is taken care of by the AGC block. 

Determining the performance of the equalizer can be done by subtracting the output of the FIR from the ideal PR4 data. This can be 
done if a known data pattern has been written to the disk or the ideal data has been externally supplied to the part. This adaptation 
circuit uses a decision-directed technique that estimates the ideal data stream from the actual data. A target response is generated 
from the data by quantizing the output of the FIR into three levels. Three levels are appropriate for a partial response system equalized 
for the PR4 response shape. In a PR4 system any single transition on the disk produces interference with one adjacent transition in a 
way that will produce three distinct voltage levels. After the FIR output has been quantized, the appropriate ideal voltage value (+1, 0, 
-1) can then be subtracted from the output, which generates an estimate of the error signal. Decision- directed systems work well as 
long as the initial errors are not too large. One case that will cause divergence in the tap weights is when the amplitude is half or below 
half of what it should be. In this case all the weights converge toward zero. For more realistic cases convergence is not a problem. 
The system has been shown to converge for a signal containing Lorentzian step response shapes with densities as high as 4bits/pw50 
with the initial outer taps set to zero. 

The LMS adaptation algorithm is a very robust technique for minimizing the magnitude of the errors produced by a system with 
respect to a target response. In such a system all the weights are adjusted for each output bit of the channel. The algorithm iteratively 
adjusts each tap weight in the direction that would reduce the FIR output error based on the value held in its associated tap. This is 
done by multiplying the FIR output error by the value held in a given tap. For example, when the output is larger than the ideal positive 
output and the sample held at a given tap is positive, its gain would be decreased, and this would have the effect of reducing the error 
in that instance. 

The basic tap weight update recursion is defined by: 


Wk = WK-1+2-UW-€_;:CK-1 (eq. 162) 


W.1 and Cx; are 5-element vectors 
W.7 contains the tap weights of the FIR 
Cx.1 contains the sample values held at each tap of the FIR. 
ut is a gain term which sets the overall loop gain of the adaptive feedback system 


E «-1 is the error in the output of the FIR at the current time “K-1” which is computed by 


ok-1 = dx_1-Yx-1 (eq. 163) 


The dx.; term is the ideal data at the time “K-1” 
Yx-1 is the FIR output at that time. 
When decision-directed adaptation is employed, dy_; is replaced by an estimate of the ideal data (+1, 0, -1). 


The procedure that is employed by this circuit is a modification of the basic LMS concept. It maintains many of the key features and 
yet greatly reduces implementation complexity in order to minimize power consumption and die area. The basic approach is to 
incrementally adapt one weight at a time, based on an average of several LMS update samples, and then repeat this process for each 
successive weight in a cyclic fashion for a complete read cycle. In this system there is a digitally controlled FIR and the tap weights 
can only be adjusted in discrete steps, one bit at a time. This sets pu for the part at the value of one LSB which equals 0.0195. The 
multiplication of the tap values with the output errors is replaced by a binary multiplication. The sign of that operation indicates whether 
to increment or decrement the tap weight. Averaging the individual updates is used to prevent instabilities and a dead zone is used to 
reduce the amount of tap weight wander once the steady state values have been reached. An option is available to force symmetrical 
tap weight adaptation to prevent timing recovery/FIR interactions. 
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Figure 159 Sequential Binary Least Mean Squared Adaptation 


The final adaptation equation becomes 


N 
y sen(€x_ 145)" sgn (CK -14) 


Wx = Wx-1+| Qc, 0,-y| =, — x Ib (eq. 164) 


The adaptation process starts after a read operation has been initiated and the internal READ signal has gone high (see Figure 151 
on page 70 and Figure 153 on page 71). At this time the initial tap weight address is loaded into an address counter. When the internal 
PLL signal goes high, indicating that the timing recovery loop has transitioned from acquisition to tracking mode, the first tap weight 
value is loaded into an up/down counter and the averaging process begins. Once the integration time has been reached, the tap update 
command is latched. The current tap weight is processed and then written back to the serial register. The tap weight address counter 
is incremented and the next tap weight is loaded. This process continues until a READ cycle ends either through the deassertion of 
RG, the detection of a dropout, or a transition on HDSEL. 

Note: Since the part is accessing the serial registers during adaptation, the user should not attempt any serial register operation while 
RG is asserted and the AE bit set. 
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Figure 160 Self Adaptation Circuitry 


Key Features of the adaptive FIR filter are outlined below: 

31) Adaptation Control test: ACTST (24:<D2-D3>) - Two bit control for the output of the integrator that forces either an up, hold, or 
down count. This is primarily a test feature for the adaptation control logic. ‘00’ specifies normal operation, ‘01’ specifies an 
UP count, ‘10’a DOWN count, & ‘11’ specifies hold. ADPHLD (pin 48) set to a ‘1’ forces ACTST into state ‘11’, this allows the 
user to hold the adaptation and freeze the tap weights at their current values without having to write through the serial register. 

32) Adaptation enable: AE (24:<D11>) - When set to a ‘1’ the AE control register bit enables the adaptation circuitry. It can not be 
modified during an adaptation read cycle. 

33) Dead zone: DZ (24:<D9-D103>) - Two bit control that specifies the adaptation threshold. With ideal tap weight settings, the 
adaptation algorithm will randomly integrate the error signal up and down. Without a dead zone, the tap weights would be 
changing continuously. The dead zone DAC allows a programmable window inside of which no weights are adapted. Only if 
there is a net integration in one direction exceeding a programmable threshold, will the tap weight update. The threshold is set 
in a symmetrical manner as a percentage of the integration length. A DZ value of ‘00’ sets the threshold equal to 35% of the 
integration length. For example with an integration length of 12 and a DZ value of ‘00’, the tap weight will not adapt unless 
there is a net up or down integration for at least 4.2 clock cycles. A value of ‘01’ sets a 50% threshold (6 clock cycles with INTL 
set to 12), ‘10’ sets a 65% threshold (7.8 clock cycles), and ‘11’ sets an 80% threshold (9.6 clock cycles). If there aren’t 
enough up or down commands to exceed the threshold within the integration length time, the system simply holds the current 
value for that tap during this cycle. 

34) Integration length: INTL (24:<D7-D8>) - Two bit control that selects between 12 (INTL=’00’),15(‘01’),18('10’), or 21(‘11’) as the 
number of samples to average for each update cycle. 

35) Initial tap weight: ITW (24:<D4-D5>) - Two bit word which selects the specific tap to be adapted first. The adaptation would 
normally proceed in the following order for an ITW value of ‘000’: Ky, Ky, K;, Kg, Ko, Ky, Ki, Kg, etc. As ITW is incremented by 
one bit the first tap adapted rotates to the next in the sequence. The relative order of the tap weights remains the same. Thus 
ITW='01’ starts with K,, ITW='10’ starts with K, and ITW='11’ starts with Ks. This option allows a sector to be re-read and each 
tap weight adapted on a different set of data (see Table 200 for the complete ITW bit mapping). 
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36) Tap weight range: TWR (24:<D0-D1>) - Two bit control of tap weight range. If all four taps are to be adjusted this value should 
be set to ‘00’. By setting this value to ‘01’ through ‘11’, a reduced range of taps will be adjusted. The taps that aren’t adjusted 
are still active but are held at their preprogrammed values. With TWR set to ‘00’ the tap weight pointer counts from ‘0’ to ‘3’ 
then rolls back to ‘0’, where ‘0’ selects Ko, ‘1’ selects Ky, ‘2’ selects K,, and ‘3’ selects Kg. Incrementing TRW by one bit 
reduces number of taps adjusted by starting the count at a value other than ‘0’ and counting to ‘3’ before rolling back to the 
starting count value. Thus for TRW set to ‘01’ the count starts at ‘1’ and only taps Ky, K;, and K; are adapted. For TRW='10’ 
only taps K, and K, are adapted. With TWR set to ‘11’, only tap K,is adapted. 

Tap weights can be written and read by the controller. Thus the initial tap weight values can be preset near their optimal 
values and the final values can be read back after each adaptation read cycle. The final taps weights remain as the initial tap 
weights for subsequent read cycles. 

Note: Proper selection of DZ and INTL can allow for rapid adaptation or for slow, stable system tracking. 

37) Symmetry control: SYMC (7:<D7-D8>) - This is a two bit control that selects a specific set of taps to be controlled in a 
symmetrical manner. If SYMC = 00 the inner two taps (K1 & K3) are symmetrically adjusted whereas the rest are 
independently adapted. The adaptation is done in a ping-pong fashion where the two weights are changed simultaneously in 
two alternating cycles based on the value held first in one tap and then in the other. This type of adaptation is not as robust as 
a true LMS routine and will require some care in selecting the training pattern. For SYMC = ‘01’ the two outer taps (KO & K4) 
are adjusted symmetrically, for SYMC='10’ both the inner and outer taps are adjusted symmetrically, and for SYMC='11’ none 
of the taps are symmetrically adjusted. 


Timing Recovery Loop 

The timing recovery block uses a fully integrated, fast acquisition phase-locked loop (PLL) to implement clock recovery on the 
incoming data stream. A block diagram of the timing recovery system is shown in Figure 161. A voltage-controlled oscillator (VCO) 
generates a frequency which is divided by two and has its phase compared in a phase-frequency detector (PFD) with that of an input 
reference clock Frer, or with the signal data from the FIR, generating an error term. The error term is converted into a current in the 
charge pump which is integrated by an off-chip capacitor C;, connected differentially to the CTRP and CTRN (pins 31 and 32). The 
Imult block converts this capacitor voltage into an integral scaling factor which modulates the Ipe- current and is summed with the 
current output from the Pmult block which scales its current proportionally with the error at the phase detector output. The summed 
current controls the VCO frequency, thus forming a control loop. 
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Figure 161 Timing Recovery Block Diagram 


Figure 150 on page 70 shows the timing for a read cycle. A low level on the internal READ signal defines idle mode which occurs 
during when ‘RG’ is low, when the track cross detector output TCD is low, or when in Write Mode (WG pin high). In idle mode the loop 
either locks to the external F,.; signal through the phase/frequency detector (PFD); or coasts, where the phase/frequency detector is 
disabled and the VCO runs open-loop. Coast mode is selected by setting the control register bit COAST = 1 (10:<D1>). A read 
operation is initiated with a positive transition on RG (pin 49), a negative transition on TCD, or a [polarity change on HDSEL (pin 51). 
This defines acquisition mode where samples from the FIR filter are read by the decision-directed phase detector (DDPD) and an 
acquisition timing gradient algorithm is used to coarse align the data to ideal samples, as illustrated in Figure 150. Because the loop 
must acquire lock to random data, this acquisition timing gradient algorithm has limitations, so after a fixed time set by the PLL sync 
count the loop switches into tracking mode where a more precise locking algorithm is applied. The part stays in tracking mode until 
another dropout is detected where it switches back to idle mode. 

Read mode is initiated by a positive transition on the RG line as shown in Figure 162. The VCO is held in a low output state when 
the 6T input signal crosses the threshold set by the Zero Phase Restart DAC (9:<D9-D12>). The second time the threshold is crossed 
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the VCO restarts. The threshold is set to align the VCO to the ideal zero sample of the 6T input. The analog and digital delays in the 
samplers and the VCO require a slight variation of the sample threshold so a multiplying DAC is used to obtain the optimal set point. 
Once the VCO restarts, the DDPD output is used as the phase error to drive the PLL. The initial gain will be high to minimize the 
acquisition time and the computation of the phase error is done with a robust technique which prevents false lock-up modes. Since 
the AGC gain control is independent of the timing control, it can be switched at any point after the FIR has taken 5 sample (5-tap filter) 
and is switched slightly before the timing transition from Acquisition to Tracking. 
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LP filter 
Output 
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Zero Phase 
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Sync field : 
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Figure 162 Timing Recovery Operation 


The goal in acquisition mode is to adjust the phase of the VCO clock to the point where the tracking timing gradient algorithm can 
track the data. Ideal PR4 data has three valid sample values, denoted +1, 0, and -1. The AGC loop and the two filters (CTF and FIR) 
should be set to equalize the data properly to produce these ideal sample values. It is the job of the timing recovery loop to adjust the 
phase and frequency of the sampling clock to converge on these three levels. The acquisition algorithm slices each sample into one 
of three levels, based strictly on threshold voltages separating a ‘-1’ from a ‘0’ from a ‘+1’. These samples can be compared with the 
ideal samples and the phase adjusted accordingly. The decision-directed phase detector (DDPD) operates on sampled data in either 
an analog or quantized form to compute a timing gradient. Since initially the phase is random, it isn’t true that the closest ideal voltage 
level is necessarily the correct one. It is true, however, that any large transition in the data must have at least one ‘+1’ sample for a 
positive transition, and at least one ‘-1’ sample for a negative transition. To determine which direction to adjust the phase, the slope 
of the input waveform must be known, which can’t always be determined with sampled information only. Inspection of equalized PR4 
data, however, reveals the fact that two consecutive ‘+1’ samples or two consecutive ‘-1’ samples must have a peak between them 
and consequently a change in slope, and that a ‘+1’ followed by a ‘-1’ must have a negative slope, and a ‘-1’ followed by a ‘+1’ must 
have a positive slope. Any ‘0’ sample could have any slope and any ‘0’ sample preceding or following a ‘+1’ or ‘-1’ sample could have 
either slope. The acquisition timing gradient thus operates only on ‘+1’ and ‘-1’ samples. Two consecutive samples are taken and if 
they are both non-zero, their magnitudes and signs are compared. The signs determine the slope of the timing gradient and the 
magnitude of the timing gradient is equal to the difference in the samples magnitudes. All other cases are ignored. The phase error is 
proportional to the timing and the phase and frequency of the clock is adjusted appropriately to minimize the error. The acquisition 
timing gradient can be expressed mathematically as 


Zz a2 nN a2 
At, = —(y,° Xn-1)* Xn +(y,_ 1° Xn) * Xn-1 (eq. 165) 


where 
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1<— y,2 Vrutr 
Xn = 19 —Verytr <Y_,< Vrute (eq. 166) 
-1<y,<-Vrytr 


The ‘y’ terms are the sampled analog values at the current or previous sample time 
the ‘x’ values are the quantized estimates of the ideal ‘y’ values. 
Vrutr is a threshold voltage equal to one half the ideal ‘1’ voltage. 

After a sufficient number of clock periods it is assumed that the acquisition timing gradient has adjusted the phase of the clock to be 
“close enough” so that the DDPD can switch to the tracking timing gradient. This number is set by the AGC and PLL Sync Field 
counters described in Gain Control on page 67. The tracking algorithm is similar to the acquisition timing gradient comparing adjacent 
‘+1’ or ‘-1’ samples to one another, but also compares ‘0’ samples to ideal ‘0’s when the ‘0’ samples are adjacent to a ‘+1’ or ‘—1’. The 
tracking timing gradient is mathematically expressed as 


Ate =(y Xai) + 4* a) (eq. 167) 


where the ‘x’ values are given in equation (eq. 165). 


This algorithm will converge to a clock phase which produces only three possible sample levels. If the tracking timing gradient were 
used for acquisition, there is a possibility that the loop will converge to a phase exactly 180° off. Thus two algorithms are needed. Note 
that both terms in equation (eq. 167) will be non-zero only if there are two successive ‘+1’s. Any ‘0’ data term will null out the sample 
adjacent to the ‘0’. A ‘+1’ or ‘-1’ adjacent to a ‘0’ is used to determine the slope of the data and adjust the phase in the proper direction 
to move the sampled point closer to ‘0’. Note also the comparison between equation (eq. 165) and equation (eq. 167). Equation (eq. 
165) has the squared terms to force the timing gradient to zero if either sample is a ‘0’. For data streams with few occurrences of 
consecutive ‘+1’s the acquisition timing gradient will be slower to respond than the tracking timing gradient. If the recovered datarate 
frequency is quite close to the reference frequency and there is little noise in the system (for example under test conditions), the loop 
may have difficulty acquiring lock. For this reason control register bit TRKSEL was added. With TRKSEL set to a ‘1’, the part will use 
the tracking algorithm in both Acquisition mode and Tracking mode, avoiding the low gain situation. For normal operation it is 
recommended that TRKSEL be set to a ‘0’. Only if the part has difficulty locking should TRKSEL be set to a ‘1.’ 

The external differential ECL input pins FDSP/N can be used in place of the VCO for test purposes by setting the CLKSEL control 
register bit to a ‘1.’ Several test signals are available out of the decision directed phase detector. A hardware simplification of the timing 
gradient splits the path into odd and even samples rather than into consecutive samples. Hence instead of y,,; Yn-1, Xn and X,., available 
for test, Ye, Yo, Xp and X, are instead. The only difference is that each of the odd and even samples is held for two cycles. The sign of 
the timing gradient will invert with each cycle to account for the fact that the odd and even samples alternate between the n and n-1 
samples with each cycle. These same even and odd y samples are referred to VIT SIG O and VIT SIG E as they are also used in the 
odd and even interleaves in the Viterbi. Also available is the half-rate sampling clock SCLK (see Table 201 on page 94). 


Clock Recovery Loop Gains 

In the idle and write modes, the timing recovery loop is locked to an external reference which is running at the user data rate. The 
PFD outputs a pulse whose width is proportional to the phase/frequency difference of the loop’s phase input 6,, with respect to the 
timing recovery VCO’s phase output, 8, with the following relationship 


AV pp= Kpp- (9; - 9,) (eq. 168) 


where Kpp=0.125 V/rad. 


In read mode the timing recovery loop is updated via the DDPD. The phase detector output may still be modeled similar to that of 
Idle/Write mode except now the phase error is derived from either equation Eq. 165 or Eq. 167 where the phase error is proportional 
to the magnitude of the voltage difference between the received sample and the ideal sample. To maintain the same phase detector 
gain Kpp of 0.125 V/rad as in Idle/Write mode, the timing gradient voltage must be gained up as shown below 


AVpp = 1.43: At, (eq. 169) 


The gain term allows equation (eq. 168) to be valid in Tracking mode as well. 

The charge pump (QPUMP) block produces a differential charging/discharging current across the external C;, capacitor proportional 
to the phase detector output. The QPUMP gain is a function of the timing recovery loop mode. When the loop is switched from 
acquisition to tracking, the gain of the QPUMP is reduced by a factor of 4, and the gain of the PMULT (see discussion below) is reduced 
by a factor of 2. This lowers the loop gain in Tracking mode, while keeping the damping factor constant, causing the loop to be less 
susceptible to noise. Control register HGSEL (7:<D6>) when set to a ‘1’ defeat this keeping the part in high gain. The charge pump 
current lgp is given by 


lop = gn’ AVpp (eq. 170) 
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where AV pp is given above and gp, equals 460,A/V in idle, write, or acquisition modes. 


AVpp equals either 460nA/V or 115yA/V in tracking mode, depending on the setting of the HGSEL bit in the control register as shown 
in Table 200. 


Table 200Charge Pump and Pmult Gains 


Mode HGSEL Om Kp 
Idle/Write Xx 460uA/V 1.0 
Acquisition Xx 460uA/V 1.0 

0 115pA/V 0.5 
Tracking 
1 460uA/V 1.0 


The charge pump pumps the current differentially into an external capacitor C;, producing an integrated voltage AV7, across pins 
CTRP and CTRN. The IMULT block scales this voltage by a scaling factor | as shown below 


I = 1.0 (eq. 171) 


IMULT provides an integral gain term to the input of the VCO. 

The PMULT block provides a proportional gain term to the VCO which sets the damping factor of the timing recovery loop. The gain 
P of PMULT changes with the mode of the timing recovery loop in a manner similar to that of the QPUMP. When the loop is switched 
from acquisition to tracking, the gain of PMULT is reduced by a factor of 2. PMULT gain P is shown in equation (eq. 172) 


(= = span) 
| 


nS 127 


(eq. 172) 


where Kpayp is the value of the seven bit damping DAC DAMP(6:0), and Kp is the proportional multiplier gain which equals 1.0 in Idle and Acquisition mode, and equals 
either 1.0 or 0.5 in Tracking mode as shown in Table 200. 
lner is the reference current for the VCO and is set by connecting an external resistor Rj, between RTR and VEE4 (pins 35 and 33), 
typically set to 5.6kQ 


I 1.25V (eq. 173) 
REF — —2. eq. 
Ror 
The VCO center frequency is set by Ipe- and the value of the frequency DAC 
0.125 
fo = ky , IREF . (1 + 32 . Kerra (eq. 174) 


where k, is 167.4MHz/mA and Kegrg is the 2's complement value of either FRQN(13:<D7-D11>) or FRQT(14:<D7-D11>), depending on the value of TCDEN and level of 
TCD (see Track Cross Detector on page 73). 


The VCO output frequency is determined by summing the IMULT and PMULT terms, modulating the VCO about its center frequency. 
The VCO frequency can be expressed as 


veo = fo: (+ky:(-AVap +P: AVpp)) (eq. 175) 
where ky is the VCO gain given by 
af 
ky = 0.4V 
The VCO is divided by 2 to create the timing recovery clock frequency frp 


;. = feo 
TR D) 


Equations (eq. 168) - (eq. 176) can be combined and the closed loop response H(s) in the frequency domain can be expressed as 


(eq. 176) 
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H(s)= pall oe (eq. 177) 
0; 524 Scorer mn IgmKycoKpp 
2 Dae 
where 


vco = 2%: fo: ky 


This along with the open loop response G(s) can be rewritten using the conventional control system second order loop parameters 


@,, 6, T, a dk as 


oO 
H(s)= —_= TD (eq. 178) 
i gs +2C@,s8+@, 


and (eq. 179) 
1 
K(s + *) 
G(s)= eS ee (eq. 180) 
0. 2 
1 S z 
where Fa} 2 
wo 2 
of 
fe IgmKycoKpp teeta Bo 
nn ——— eq. 
2CrR 
P /KycoKppCrr 
t —a se (eq. 182) 
Ign 
PCrp 
— (eq. 183) 
bp. 
K K,,P 
K = oO =n fo (eq. 184) 


2 


@, is known as the loop natural frequency 
¢ is the loop damping factor 
t is the loop time constant 
K is the loop gain in rad/s, which is also referred to as the unity gain frequency, crossover frequency, or loop bandwidth 
fc is the loop bandwidth (or loop gain) in Hz. 

Note that user programmable Kpamp, which controls the value of the PMULT gain P, controls both the gain K and damping factor ¢. 
As the value of Kpaup is increased, the value of P is decreased and thus both the gain and damping factor are decreased. Only by 
selecting the value of the external capacitor Cra (or changing TRGAIN) can the relative ratio of gain to damping factor be controlled. 

When calculating loop stability, there is an additional phase shift which must be accounted for due to the time delay within both the 
FIR filter and DDPD associated with sampling. The FIR filter adds a delay of two clock cycles and the DDPD adds an additional two 
for a total delay of four timing recovery clock cycle delays. The phase shift in the frequency domain associated with a delay in the time 
domain is 


A® = -Q@-typ= —2nf-4T (eq. 185) 


where tg is the delay which in this case equals four times the data rate period T which equals 1/f rp. 
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Phase margin ®, for the system can be derived by calculating the phase, or angle, of equation (eq. 180) and adding it to that of (eq. 
185) at the cutoff frequency fc¢,and making several substitutions. 


- f 
®, = tan '(46°)-—— -4- 360° (eq. 186) 
fre 


where ®p is in degrees. 


The user needs to choose the damping factor ¢ and loop bandwidth f, appropriately to achieve adequate phase margin for the 
system. The effect of the 4T phase shift can be significant for high values of f¢. The user must choose the loop gain sufficiently low 
so that this phase shift does not adversely affect the loop stability. For example at a data rate of 19.1385MHz a loop gain of 200kHz 
yields a A® of 15°. For a damping factor of 1.0 this creates 60° of phase margin. 

An additional factor must be accounted for in designing the loop dynamics and that is that both the acquisition and tracking timing 
gradient algorithms do not update the loop on every sample. In acquisition mode a ‘0’ sample causes no loop update and in tracking 
mode consecutive ‘0’ samples cause no loop update. This has the same effect as increasing the VCO feedback divider (which is equal 
to 2 in this part) which lowers both the loop gain and damping factor as can be seen by equations (eq. 182) and (eq. 184). Because 
of this the nominal loop gain can be set much higher than that determined by phase margin calculations based on the assumption that 
the data is unlikely to have regions free of ‘0’ samples. Loop stability is data dependent and therefore the user should perform a 
statistical analysis with either simulation or real data before deciding upon final values for the various loop stability parameters. 
Favorable simulation results have been obtained on random data at 19.1385MHz with C=4.7nF, Kpayp=30. With proper setting of the 
loop parameters, acquisition to random data should occur in less than 400 clock cycles. 


Viterbi Detector 

The Viterbi detector implements the maximum likelihood (ML) detector for PRML. It inputs sampled analog levels and outputs binary 
digital data. For a discussion of the Viterbi algorithm in the context of magnetic recording, the reader is directed to the article by Tom 
Matthews and Richard Spencer, “An Integrated Analog CMOS Viterbi Detector for Digital Magnetic Recording”, IEEE Journal of Solid- 
State Circuits, Vol. 28, No. 12, December 1993, pp. 1294-1302. 

The Viterbi detector block diagram is shown in Figure 163. The incoming signal (from the FIR filter via the timing recovery block) has 
been demultiplexed into the odd and even interleaves on a bit-by-bit basis. This is shown in the diagram as the odd interleave signal 
and the even interleave signal. Each interleave of the Viterbi detector runs at 1/2 the channel data rate, with the odd and even 
interleaves clocked on opposite phases of the half rate data clock, beginning with the even interleave. Each interleave independently 
processes its data stream. The data streams from the odd and even interleaves are then multiplexed back together on a bit-by-bit basis 
to yield the recovered bit stream. 


VIT SIG EVN Viterbi To 6T Detector = EZCNT(4:0) 
DIV by 2 | SCLK Odd 
frm 4 (in Th CQ) Interleave 
Excess Zeros XZ 
Counter 
Threshold 
VIT(6:0) VIT rH 
DAC * 
DATA OUT 
CLK 
VIT SIG ODD —44 Viterbi 
Even CLK OUT 
Interleave 3 To 6T Detector 


Figure 163 Viterbi Detector Block Diagram 


The Viterbi detector operates in the continuous amplitude, discrete time domain. This is also known as the sampled domain. The 
detector compares the sampled level of the analog waveform to the positive and negative thresholds established by the programmable 
Viterbi threshold window. The nominal Viterbi threshold window size is set by a 7-bit DAC which is controlled by the Viterbi DAC serial 
control register 7-bit word VIT as shown below. 


Kyir 
VIT y= 0.046 + 0.376 - (2) (eq. 187) 


where Ky,7 is the value of the VIT(6:0) Viterbi threshold DAC control word. 
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The AGC circuit adjusts the signal amplitude to +250mV peak out of the continuous time filter. Side sampling for PR4 produces a 
nominal sampled signal amplitude of +180mV out of the FIR, which is then resampled and split into the two interleave signals in the 
timing recovery phase detector. This is a pseudo-ternary signal with the +1 levels equal to +180mV and the zero level equal to OmV. 
An ordinary ternary slicer would set the thresholds to t90mV. The threshold difference would thus be 180mV. The actual detector used 
sets the thresholds dynamically by establishing a threshold window equal to 180mV nominally. The window moves with the data such 
that a comparison is always made on new data relative to the level of the previous data, rather than to an absolute sliced voltage. 

Magnetic recording data consists of alternating positive and negative pulses. PR4 data is defined with two samples per pulse. The 
data into the Viterbi detector is pseudo-ternary, that is, it has valid levels of 0 and +1 and is a result of binary data being converted into 
three levels due to the physics involved with writing to and reading from the magnetic media. There are thus restrictions in the data 
since not every combination of the three received levels is physically possible. This results in a condition that the interleaved data 
cannot have consecutive same-polarity ‘1’ levels regardless of the number of intervening 0’s. The interleaved data thus will consist of 
a series data pulses all of width 2T, alternating in polarity, where T is the period of the timing recovery clock. It is the utilization of this 
fact in the detection scheme which makes the Viterbi detector superior in performance when compared to a simple ternary slicer. 

Figure 164 shows a block diagram of a Viterbi detector interleave. A new data sample is compared to the most recent ‘1’ data sample, 
stored in the track and hold amplifier (T/H). The threshold window can be thought to “slide” up and down. For a previously received +1 
sample, the threshold window slides up such that the top of the window is equal to the +1 voltage level. If the new sample is more 
positive than the top of the window, a logic ‘1’ is output on the +1 output to the path memory and the window is slid up to the new value. 
If the new sample is more negative than the bottom of the window, a logic ‘1’ is output on the -1 output to the path memory and the 
window is slid down so that the window bottom equals the new sample voltage. If the new sample is within the threshold window when 
compared to the previous ‘1’ sample, a logic ‘0’ is output on both the +1 and -1 outputs and the window stays where it is. Fora 
previously received -1 sample, the threshold window slides down so the bottom of the window equals the -1 voltage level. If the next 
sample is more negative then the bottom of the window, a logic ‘1’ is output on the -1 output to the path memory and the window slides 
down to the new value. If the new sample is more positive than the top of the window, then a 1 is output on the +1 output to the path 
memory and the window is slid up so the top of the window equals the new sample voltage. If the new sample falls within the threshold 
window, then a 0 is output on both the +1 and -1 outputs and the window stays where it is. Note that the held signal is always a +1 or 
-1 sample. 0 samples result in the T/H holding and the window not moving. 

Thus, positive and negative thresholds in the Viterbi detector are modified based on the received data. These dynamic thresholds 
function to reject same-polarity pulses with lesser amplitude than that of the most recent pulse. For example, if there is a large positive 
data sample followed by a positive data sample with a smaller amplitude, only the first sample will be detected as a+1. Since magnetic 
recording data must have alternating polarity pulses, the case of receiving two +1 samples without an intervening -1 should never 
occur. 
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Path Memory 


Figure 164 Viterbi Interleave Block Diagram 


The path memory consists of two sets of shift registers, one for +1’s and the other for -1’s. The two shift register outputs are OR’d 
together to produce the DATA OUT signal. When a ‘1’ is received in the input of either shift register, the contents of the remaining 
register locations in that shift register are overwritten with the contents of the other shift register. This acts to erase the first of two 
consecutive same-polarity samples. The shift register length is set with control register bit PML. With PML set to ‘0’ the path memory 
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length is equal to eleven, and with PML set to ‘1’ the path memory length is increased to twenty-two (the number of consecutive 0’s 
allowed is equal to the path length minus one). Control register bit PMBP allows the path memory to be bypassed for test purposes. 
The path memory contents are set to zero when the internal PLL signal is low (see Figure 151 on page 70 and Figure 153 on page 71), 
which is true for all times except during tracking mode. 

The error situation where two pulses on an interleave of the same polarity arrive without a pulse of the opposite polarity separating 
them can be divided into two cases: the first pulse is bigger than the second pulse or the second pulse is bigger than the first pulse. 
The Viterbi detector does not recognize the case where both pulses are of the same amplitude; it chooses one of the two pulses to be 
larger. For the following discussion, assume that two +1 pulses have occurred without a -1 pulse in between. 

The case where the second pulse is smaller is handled by the dynamic thresholds in the Viterbi detector. The first (larger) pulse pulls 
the positive threshold up. The following pulse is smaller and therefore won't cross the upper threshold, thereby rejecting the smaller 
of the two +1 pulses. 

The case where the second pulse is bigger than the first is handled by the path memory. The dynamic positive threshold is pulled 
up by the first +1 pulse and a +1 is output. The second +1 pulse comes along and exceeds the threshold set by the previous +1 pulse, 
causing a second ‘1’ to be output to the path memory. This causes the +1 memory contents to be overwritten with the contents of the 
-1 path memory, which will erase the first +1. In order to do this erasure, the default path memory requires that no more than10 (or 21) 
zeros occur between the two 1’s of the same polarity, according to the setting of the PML register bit. 

The path memory overwrite is not just an error-correction event that happens on corrupt data, but is a normally occurring event. For 
example consider the case of a+180mV sample followed by a OmV sample followed by a -180mV sample, and the threshold 
window set nominally to 180mV. The detector should detect this as a +1, 0, -1 sequence. The +180mV signal establishes the top of 
the window at +180mV and a +1 is sent to the path memory. The OmV level is exactly the value of the threshold window below +180mV 
and will fall out of the bottom of the window only half the time and thus sometimes be flagged as a -1, and sometimes as a 0. If it doesn’t 
fall out of the window, a 0 is detected and sent to the path memory. The next -180mV sample will certainly fall out of window sending 
a -1 to the path memory. In this case the sequence +1, 0, -1 is detected properly and the path memory need not do any overwriting. 
If the 0 does fall out of the window, a -1 is sent to the path memory and the window bottom “moves” to OmV. The next sample of - 
180mV is lower than OmvV and thus it too registers as a -1. The sequence is now incorrectly detected as +1, -1, -1. The path memory, 
however, will take care of this problem as it will overwrite the first -1 level as a 0 upon receiving the second -1 level, and the proper 
+1, 0, -1 sequence is detected at the path memory output. 

The Viterbi detector has two sets of test signals: Vit Sig Odd and Vit Sig Evn; and Held Sig Odd and Held Sig Evn (see Table 201 
and Table 202). Vit Sig Odd and Vit Sig Evn are the inputs to either interleave of the Viterbi detector. These signals are held any time 
a ‘1’ is detected for purposes of computing the difference metric. The held signals are output as Held Sig Odd and Held Sig Evn. 

The Viterbi detector also has a programmable counter that counts the number of consecutive zeros occurring in the recovered data 
stream. If the number of consecutive zeros exceeds the count programmed with the EZCNT control register bits, the excess zeros 
(XZ) output (pin 43) is raised; XZ stays high until a valid 1 resets the counter and causes it to drop. This feature is intended to aid in 
the rapid detection of tape drop outs. The excess zero count EZC is equal to the value of the EZCNT(4:0) DAC as shown in equation 
(eq. 188) 


EZC = 0.5 + Kezcnt (eq. 188) 


where Kezenr is the value of the EZCNT control word and ranges from 0 to 31. EZC is always 1.5 clock cycles longer than the DAC setting. 


Table 2016T Detector Operation 


EN6T | STL | ADPHLD mae SIXT ge 
0 X 0 X 0 Normal 

0 X 1 X 0 Hold 

1 X 1 X X Hold 

1 0 0 >46T’s 1 Hold 

1 0 0 <46T’s 0 Normal 

1 1 0 >86T's 1 Hold 

1 1 0 <86T’s 0 Normal 


The first three bits in both the even or odd path memory interleaves are used in the 6T detector. The 6T detector senses a bit pattern 
of 1 1 0-1 -1 0 (as seen at the FIR output) and activates the adaptive hold feature of the adaptive FIR when either 4 or 8 consecutive 
6T bit patterns are detected. Control register bit STL (7:<D27>) sets the count at either 4 (STL=’0’) or 8 (STL='1’). The 6T detector 
output SIXT will go high when the pattern is detected and goes low whenever any one bit in the pattern is incorrect. The SIXT signal 
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can be monitored on CT2 (pin 57), see TEST MODES on page 106. When SIXT is high the adaptation algorithm is held; when it is low 
the adaptive hold feature is controlled by the ADPHLD (pin 48). The ADPHLD pin can also override the action of the 6T detector. 
Control register bit EN6T enables the 6T detector when set to a ‘1’. Table 201 illustrates the operation of the 6T Detector. Due to the 
latency through the Viterbi Detector, there will be a delay of 10 clock cycles plus a fixed propagation delay before SIXT is seen to 
switch relative to the FIR output. Figure 165 shows a timing diagram for the 6T detector illustrating the latency between the FIR output, 
even and odd pathmemory bits, and the SIXT output (note that the even and odd path memory bits are delayed from the VIT SIG Even 
and Vit SIG Odd test points). 


latency ——» 


FIR Output 


Even PM 3% bit 


=— latency 


Odd PM 3" bit 


SIXT Output 4 pattern delay Adaption Held 


Figure 165 6T Detector Timing, STL=’0’ 
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Write Circuitry 

A reference write current is provided for a preamplifier which gains this reference current up by a factor of 20. The sink for this 
reference current on the preamp must be a low impedance of 1.5V or greater. The write current reference is five bit programmable 
with a nominal range of 0 to 2mA. This reference current is derived from an external resistor Rwo connected from pin RWC to VEE3 
(pins 17 and 16 respectively) which typically equals 4.7kQ. The write current lwc is expressed as 


1. = 125V  Kwe 
WC Reve 4 


(eq. 189) 


where Kyc is the value of the 5-bit WC control register word and varies from 0 to 31. 


The part also has a TTL to differential ECL write data level converter which takes a TTL input signal on WDI (pin 19) and outputs a 
differential pseudo ECL signal on WDP and WDN (pins 25 and 26). WDP and WDN are emitter follower outputs which will need 
external load resistors for proper operation. These may be 50 to a potential 2V below V¢z, or 200Q to 1kQ to Vee. 


Mode Control and Power Management 

The fundamental operating modes are controlled by power down (PD pin 52), read gate (RG pin 49), and write gate (WG pin 50) 
inputs. If PD is high, the entire chip is powered down. If PD, WG, and RG are all low the part is in idle mode where the AGC loop locks 
to input data, the timing recovery loop locks to the reference, and the FIR and Viterbi detector are powered down. If PD and RG are 
low and WG is high, the part is in write mode where the timing recovery loop locks to the reference, AGC loop holds, the VGA is 
squelched and the input switches to low impedance. If PD is low and RG is high, the part is in read mode, behaving as described in 
Gain Control on page 67. Both read mode and write mode are asynchronous states and may be initiated or terminated at any time. A 
power reduction bit PREN (10:<DO>) in the control register when set to a ‘1’ causes the FIR, Viterbi, and decision-directed phase 
detector (DDPD) to power down in idle and write modes. A summary of the Mode Control is shown below in Table 202. 


Table 202Mode Control 


PD PREN RG WG MODE 
1 X X X Entire chip powered down, serial port still functional 
0 0 0 0 IDLE mode, all blocks powered on 
0 0 0 1 WRITE mode, all blocks powered on 
0 0 1 X READ mode, all blocks powered on 
0 1 0 0 IDLE mode, FIR, Viterbi, DDPD powered off 
0 1 0 1 WRITE mode, FIR, Viterbi, DDPD powered off 
0 1 1 Xx READ mode, all blocks powered on 
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DIGITAL CONTROL VIA SERIAL INTERFACE 

Programmable control of the chip is performed through a serial digital interface and a 16 word,12-bit wide register file. Control 
information is stored in the register file and used directly as digital control lines or sent to one of the onboard DACs to create analog 
control signals. The interface consists of three CMOS-level signals for input/output data, clock, and enable. Upon asserting SPEN (pin 
54), the serial port is enabled and ready for input on SPDATA (pin 55) which is clocked by SPCLK (pin 53). The SPDATA line provides 
the read/write, address and data information. Head Select (pin 51) selects between two parameter sets for either HeadO or Head1. 


SPEN- / \ 


: © ® ©_ | oe 
SPCLK= FLL 
SPDATA - iw: {AO X—At_XA2 ATX ATX F_X 2 XS XA XS S_X7_KS_{S_ KI) CILLA 
ee eae eee 
|  Ts(sppata) TH(SPDATA) 


Ts(SPEN) 


SPEN - 2 
© flask 


SPCLK - 


ie CL GD GD GD CD GD GD GD GD GD GD GL GL, 


SPDATA- [7 
ef 
ToeN Tppp 


Figure 166 Serial Interface Load & Readback Timing 


Z 

Serial Interface Timing> 2 

PARAMETER SYM CONDITIONS MIN TYP MAX UNITS ai 

SPCLK period T 50 ns = 
SPEN set-up time TsisPEN) Relative to SPCLK T 40 ns 
SPEN hold time Tuspen) | Relative to SPCLK T 50 ns 
SPEN high to low to high 50 ns 
SPDATA set-up time Tsispp Relative to SPCLK T 20 ns 
SPDATA hold time Tyspp) Relative to SPCLK T 5 ns 
SPDATA enable ToeEN Relative to SPCLK v 5 ns 
SPCLK low time TocLk Relative to SPCLK V 30 ns 
SPDATA disable Topis Relative to SPEN J 30 ns 
SPDATA prop. delay Tppp Relative to SPCLK T 10 ns 
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Table 203Programmable Register Bit Allocation 


Reg. Data Bit 
Addr. rr 10 9 8 7 6 5 4 3 2 1 0 
0 PGC: Prog. Gain Control DAC SQPI FIRO: FIR Tap 0 rsrv'd 
1 ITCD: lrop Control rsrv'd d ms Pie Bie Flee tap 4 rsrv'd 
2 GDHO: CTF Data Group Delay, Head 0 FIR1HO: FIR Tap 1, Head 0 
3 GDH1: CTF Data Group Delay, Head 1 FIR1H1: FIR Tap 1, Head 1 
4 rsrv’d rsrv’d rsrv'd rsrv'd a 7 FIR3HO0: FIR Tap 3, Head 0 
5 rsrv’d rsrv’d rsrv'd rsrv'd rsrv’'d rsrv’d FIR3H1: FIR Tap 3, Head 1 
6 rsrv'd rsrv'd rsrv'd rsrv'd rsrv'd TC13 TC2 FIR2: FIR Tap 2 
, : , TCD TRK- HGS SLEE PMB 
7 rsrv’d rsrv’d rsrv'd EN SEL EL Pp PRST | EN6T STL PML Pp 
8 TCDTH: Track Cross Detector Threshold VIT: Viterbi Threshold DAC 
= DAC 
oF 
a a 9 rsrv'd rsrv'd rsrv'd SYMC DAMP: Damping Ratio DAC 
ce 
39 
nz : LPFB PDTS | SELT CLK- CLCK | COA PRE 
> 10 EZCNT: Excess Zeros Count YP T E SEL E ST N 
11 HLD FCHO: CTF Data Fc DAC, Head 0 BSTHO: CTF Data Boost DAC, Head 0 
CMX ; . 
12 EN FCH1: CTF Data Fc DAC, Head 1 BSTH1: CTF Data Boost DAC, Head 1 
13 FRQN: VCO Center Frequency DAC, normal aivid a fant een TP1SEL: TP1 Test Mux 
play Select 
14 fire WOO Comenbrequency Dee) Mick rsrv’d rsrv'd rsrv'd rsrv'd TSEL: Test Mux Select 
15 WC: Write Current DAC a DPLL aig AGCSFC PLLSFC 
24 AE DZ INTL rsrv'd ITW ACTST TWR 
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Reg. : er, 
Addr Bit(s) Description Usage 
Ky = 0.0195 -Kpypo in VV 
5:1 FIRO: FIR Outer Tap 0, 2’s complement 
-16 <Kpigg $15 
Ig = Tonc : Ks opr 
0 7:6 SQPI: AGC Sampled charge pump current DAC 
0 <KsopiS 3, lone = 1.2/(20-Rar) 
11:8 PGC: Programmable gain control DAC 
0 <Kpec $15 
K, = 0.0195 -Kgipg in VV 
5:1 FIR4: FIR Outer Tap 4, 2’s complement 
-16 <Kpigg < 15 
6 TFAQ: Test Fast Acquisition. Allows for testing of 0: Normal Mode 
1 ultra fast decay current. 1: Test Mode (Fast Acquisition always on) 
ITCD: Track Cross Detector decay current control = 0.065 
11:9 AF 
0 < Kop <7 
Ky = (0.0195 «Kyeyag) = Kicis 
5:0 FIR1HO: FIR Inner Tap 1, Head 0, 2’s complement Kriz = 0.3125 for TC13=0 
Krcig = 0 for TC13=1 
2 -32 < Keiniyo $31 
116 GDHO: Continuous time filter Group Delay, Head 0, GDpc = 0.95 Kepxo in’ 
2's complement 2 < Kepu < 31 
Ky = (0.0195 «Kye Kaci 
5:0 FIR1H1: FIR Inner Tap 1, Head 1, 2’s complement Kroig = 0.3125 for TC13=0 
3 Krco13 = 0 for TC13=1 
32 < Kein $31 
116 GDH1: Continuous time filter Group Delay, Head 1, GDpc = 9.95: Kgpyy, in% 
, 2’s complement -32 < Keo; $ 31 
5:0 FIR3HO: FIR Inner Tap 3, Head 0, 2’s complement Kro13 = 0.3125 for TC13=0 
Krci3 = 0 for TC13=1 
-32 < Keinsuo < 31 
P DHBW: Disable High Bandwidth Mode of AGC. 
6 Forces FAQ to remain low. 0: Normal Mode 
(See Figure 150 on page 70 and Figure 151 on 1: Disable high bandwidth 
page 70.) 
PGCEN: Programmable gain control enable for : ; 
7 VGA. Allows the VGA gain to be adjusted through C Nonmat Mode (AGG fopp active) 
PGC DAC 1: Programmable Gain Mode 
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Table 204Serial Register Bit Descriptions 
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Reg. : es 
Addr Bit(s) Description Usage 
5 5:0 FIR3H1: FIR Inner Tap 3, Head 1, 2’s complement Krc13 = 0.3125 for TC13=0 
Kroig = 0 for TC13=1 
-32 < Kenan: <31 
K, = (0.0195 - Kpip>) + Key in VW 
4:0 FIR2: FIR Center Tap 2 Kro2 =1.094 for TC2=0 
Kro2 =0 for TC2=1 
0 <Kpips < 31 
6 
5 TC2: Tap Centering, and tap. Controls gain offset in 0: Normal Mode1.094 < K, < 1.699 
FIR center tap (tap 2). 1: Test Mode0 < Kz < 0.605 
6 TC13: Tap Centering, 1S and 3 taps. Controls gain | 0: Normal Mode-0.937 < K,,K3 < +0.293 
offset in FIR taps 1 and 3. 1: Test Mode-0.624 < K;,K3 < +0.605 
0 PMBP: Path Memory Bypass. Allows the path mem- | 0: Normal Viterbi Path length 
ory to be bypassed in the Viterbi detector. 1: Viterbi Path Length = 0 
{ PML: Path Memory Length. Allows Viterbi path 0: Viterbi Path Length = 10 
length to be increased to 21 from 10. 1: Viterbi Path Length = 21 
STL: 6T Length. Programs the number of 6T cycles . 2 
2 to be detected before switching the SIXT signal high . at ar - : aie 
and activating the adaptive hold feature. : ate maey 
: 0: 6T Detector disabled 
3 EN6T: 6T Detector Enable. Enables 6T Detector 1° 8T Detector enabled 
0: Normal Mode 
PRST: Programmable Reset. Allows internal flip 1: Resets flip flops 
4 flops to be reset for test purposes. A ‘1’ forces a K 
7 reset, a ‘0’ releases the reset. VIT py = 0.047 + 0.3763} 
127 
; 0: Normal (Powered On) Mode 
5 SLEEP: Enables low power sleep mode iPower Of Mode 
6 HGSEL: High Gain Select. Allows timing recovery 
charge pump g,, and PMULT gain P 0: Normal Mode 
to stay at the higher acquisition values in tracking 1: Acq. gm and Kp used in Tracking Mode 
mode. 
7 TRKSEL: Tracking Select. Forces the timing gradi- 0:Normal Mode 
ent in acquisition mode to that used in tracking 1:Tracking mode timing gradient used in 
mode acquisition mode 
8 : 0: Normal Mode 
TCDEN: Track Cross Detector Enable. +Thack Gross Wetacier enabled 
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Table 204Serial Register Bit Descriptions 


Reg. 


Addr Bit(s) Description Usage 


8 


6:0 VIT: Viterbi threshold DAC in Walle 


0 <Ky_ < 127 


Vox in Volts 
4 


1+2-Kycoprn 


0 <Krcopty $ 31, Vex equal to peak value of 
4V-Veaac 


Vrn= 
11:7 TCDTH: Track Cross Detector Threshold. 1+ 


. 107 te 
~ P( 127 ) 


pa P KycoKppC€ 
2 Ign 


6:0 DAMP: Damping Ratio DAC 0 < KpampS 127 

Kp= P-multiplier gain 

Kvco = VCO gain 

Kpp= Phase detector gain (PFD in non-data mode, 
DDPD in data mode) 

C = Value of external capacitor Cr, 

| = |-multiplier gain 

Qm= QPUMP gain 
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8:7 : : : St 00: (1 & 3) symmetric 
SYMC: Symmetric Control. Determines which if any 01: (0 & 4) symmetric 


of the taps will be symmetrically adjusted. See FIR 10: (1 & 3) & (0 & 4) symmetric 
Filter/Equalizer on page 82 for details. . : 
11: no taps symmetric 


11:9 Nominal setting: 100 = 0 ns 


111 9ns CLK late 
110 6ns 
101 3ns 
100 Ons 
011 -3ns 
010 -6ns 
001 -9ns 
000 -12ns 


ZPR DAC: Zero Phase Restart DAC. Determine the 
time before first sample is taken on the Sync Field 
6T pattern. 
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Table 204Serial Register Bit Descriptions 
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Reg. : wes 
Addr Bit(s) Description Usage 
PREN: Power Reduction Enable. Allows the FIR, : . sae 
0 Viterbi and Decision-directed phase detector ip eee. saab eam Aibde 
(DDPD) to power off in write mode and idle mode. : 2 
+ | oop during idle mode allowing the loop to coast. | 0 Phase detector enabled (Normal Mode) 
P g . 9 P 1: Phase detector disabled (Coast Mode) 
over a track crossing. 
2 CLCKE: Selects edge of CLCK output with which 0: DATA switches on positive CLCK edge 
DATA is clocked out. 1: DATA switches on negative CLCK edge 
3 CLKSEL: Clock Select. Allows external FDSP/N 0: Tlming Recovery VCO (Normal Mode) 
input to replace timing recovery VCO. 1: External FDSP/N input 
SELTE: Selects Timing Error. Outputs either the : dot 
4 DDPD or AC coupled filter, which typically is set by - hee ene ueeecea cls 
a the RLZ/RFSR input through LPFBYP. P P 
PDTST: Phase Detector Test. Allows AC coupled fil- 
ter output to be input directly into decision directed . 
5 phase detector input, bypassing the FIR. When i sie o 
used with LPFBYP allows external DC signal on near 
RLZ and RFSR to be used as DDPD inputs 
LPFBYP: Low Pass Filter Bypass. Allows differen- 
6 tial test signal to be input after the internal AC Cou- 0: Normal Mode 
pling Caps. The differential test signal is input on 1: Test Mode (lowpass filter bypassed) 
the RLZ and RFSR pins at a level >2V. 
EZC = Kezent 
11:7 EZCNT: Excess zeros count. 
0 Ss Kezont <31 
4:0 BSTHO: Continuous time filter Boost, Head 0 See Graph 4 on page 79 
6 in MHz 
re FCHO: Frequency Cutoff Head 0. Cutoff Frequency f, = (0.2 Kecuo +5): By 
, of continuous time LPF for Head 0 F 
11 0 <Kecuo $63, Rag in kQ 
11 0: Normal operation. 
HLD: Hold mode for AGC and timing recovery 1: Both AGC and timing recovery loops forced into 
loops. a hold mode. Intended for coasting over thermal 
asperities and test. 
4:0 BSTH1: Continuous time filter boost, Head 1 See Graph 4 on page 79 
6 inMHz 
10:5 FCH1: Frequency Cutoff Head 1. Cutoff frequency fo = (0.2 - Kecys +5) - R 
12 : of continuous time LPF for Head 1 AF 
0 < Kegon: $ 63, Rag in ka 
11 CMXEN: CMOS Mux Enable. CMOS test point 0: CMOS Test Muxes disabled (Normal Mode) 
muxes enable 1: CMOS Test Muxes enabled 
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Reg. ; ees 
Addr Bit(s) Description Usage 
. TP1SEL: Test Point 1 Select. Selects which internal 
a to MUX out to the TP1 test point mee tabled olpage tus 
13 0.125 in MHz 
ry | FROWFrequneyotnamal voocenerre: | frm = frna(! +35" Kenn] 
ys y “16 <Kepon < 15 
2:0 TSEL: Test Select. Output test mux select. See Table 206 on page 107 
0.125 
i 47 FRQT: Frequency of Trick. VCO center Frequency frr = Frro( 1 + =a Kerot me 
: DAC, Trick Play 16<K 215 
“TO 5 erat = 
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Table 204Serial Register Bit Descriptions 


990812 


Reg. : ees 
Addr Bit(s) Description Usage 
PLLSFC: PLL Sync Field Count: Determines the 00: 0 bytes (0 cycles) 
1:0 number of data rate clock cycles after the AGC sig- 01: 1 byte (8 cycles) 
, nal switches high that the PLL signal switches high, 10: 2 bytes (16 cycles) 
defining the start of tracking mode. 11: 3 bytes (24 cycles) 
AGCSFC: AGC Sync Field Count: Determines the 00: 4 bytes (32 cycles) 
3:2 number of data rate clock cycles after READ has 01: 5 bytes (40 cycles 
: switched high that the AGC signal switches high, 10: 7 bytes (56 cycles) 
defining the start of the sampled AGC mode 11: 9 bytes (72 cycles) 
wei : 0: Bipolar Test Muxes disabled (Normal Mode) 
4 BMXEN: Bipolar test point Muxes Enable 1: Bipolar Test Muxes enabled 
15 DPLL: Disable PLL. Allows the internal PLL signal 
5 to be programmably enabled/disabled for test pur- 0: PLL count enabled (Normal Mode) 
poses. PLL is asserted at the transition from acqui- 1: PLL count disabled 
sition mode to tracking mode 
DAGC: Allows the internal AGC signal to be pro- 
6 grammably enabled/disabled for test purposes. 0: AGC count enabled 
AGC is asserted once the AGC count is reached in 1: AGC count disabled 
the Sync Field 
1. = 125V , Kwe 
11:7 WC: Write Current reference DAC we Rwec 4 
0<Kywce <31 
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Table 204Serial Register Bit Descriptions 


Reg. : wes 
Addr Bit(s) Description Usage 
2:0 TWR: Tap Weight Rollover value. Determines which ; 
of the FIR taps will be adapted by determining co Tap Ordered ys: 10.0) beast 
: : 01:.Tap order 4, 1, 3, 4, 1, 3, 4 etc. 
which tap gets adapted following Tap 3. The adap- : 
: Craig 10: Tap order 1, 3, 1, 3, 1, 3 etc. 
tion sequence order of the taps is fixed, only the 41: TaoorderS. & 4. etc 
starting point is changed (see Viterbi Detector on = tae ye 
page 92 for more details). 
3:2 ACTST: Adaption Control Test. Allows the adaption 0: Normal operation 
circuitry to be tested by forcing either an up, down 1: Up forced 
or hold signal. See FIR Filter/Equalizer on page 82 2: Down forced 
for details. 3: Hold forced 
ee ITW: Initial Tap Weight. Determines which tap the ep 
: : f ; spk 01:.Tap 4 
adaption routine will adapt first (see Viterbi Detector 10: Tap1 
on page 92 for more details). 11: Tap 3 
24 
8:7 INTL: Integration Length. Determines the number of , 
; Sarna 00:12 cycles 
cycles the adaption circuit will integrate over when ; 
ps ; 01:15 cycles 
deciding whether the current tap weight should be : 
: ops 10:18 cycles 
incremented, decremented or held (see Viterbi si St icuplne 4 
Detector on page 92 for more details). : ¥ 3 o 
OE 
10:9 DZ: Dead Zone. Determines the threshold as a per- - 3 
‘ ‘ ‘ P oa 
centage of integration length that the adaption inte- 00: 35% WS 
grator must exceed in either the up or down 01 : Epes = 
direction to qualify an increment or decrement deci- : 7 
E : . 10: 65% 
sion. If this threshold is not reached then the current 41: 80% 
tap weight is simply held (see Viterbi Detector on : ° 
page 92 for more details). 
11 . . : oer 0: Adaption circuit NOT active 
AE: Adaption Enable. Enables the adaption circuitry 1: Adaption circuit enabled 
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TEST MODES 

There are seven sets of test points used in the VM65015. TP1P/N and TP2P/N (pins 5, 6, 7 and 8 respectively) are differential analog 
test outputs, pins TP3P/N and TP4P/N (pins 23, 24, 27 and 28 respectively) provide differential digital pseudo ECL test outputs, and 
CT1 and CT2 (pins 56 and 57 respectively) are digital CMOS test outputs. TP1, TP2, TP3, and TP4 are activated by control register 
enable bit BMXEN (15:<D4>), while CT1 and CT2 are activated by enable register bit CMXEN (12:<D11>). The TP1 output is 
controlled by the TP1SEL[2:0] control register bits (13:<D0-D2>). TP2,3,4 and CT1 and CT2 are controlled by bits TSEL[2:0] (14:<DO- 
D2>), as shown in Table 205 and Table 206. A description of the signals used in the tables is given in Table 207. The LPFBYP register 
bit (10:<D6>) when set to a ‘1’ allows a differential input signal applied to RLZ and RFSR (pins 64 and 63) to be input to the datapath 
after the continuous time filter AC coupling capacitors. This allows a signal to be input directly in the FIR. The PDTST bit (10:<D5>) 
allows the FIR to be bypassed and the test signal input directly into the decision directed phase detector (DDPD). The SELTE bit 
(10:<D4>) allows this test signal to be input at the Timing Error output of the DDPD for purposes of testing the charge pump and 
PMULT.The voltage level for both RLZ and RFSR must be kept above 2V to keep the normal RLZ and RFSR biasing circuitry from 
turning on. Register bits TC2 and TC13 (6:<D5> and 6:<D6>) shift the gain of FIR taps 2 and 1 and 3 as shown in Table 199 on 
page 84. 


Table 205TP1 Test MUX Decode 


TP1SEL[2:0] 


Z bits *s Output pin 
3 

2s ° 

ry 2 1 0 - TF 

(diff analog) 

1 0 0 0 0| CTFac 

1 0 0 1 1) VGA Out 

1 0 1 0 2| Vit Sig Odd 

1 0 1 1 3] Vit Sig Evn 

1 1 0 0 4| Held Sig Odd 

1 1 0 1 5| FIR Out 

1 1 1 0 6| VCO Control 

1 1 1 1 7| VGA In 

0 X X X X| power down. 
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z z TSEL[2:0] bits ° Output pins 
a 7 TP2 TP3 TP4 cT1 cT2 
a (diff analog) | (PECL) (PECL) (CMOS) (CMOS) 
1 1 0 0 0 0| Held Sig Evn fotr fir rsrv'd rsrv'd 
1 1 0 0 1 1} Timing Error SCLK frr LZDEL FRDEL 
1 1 0 1 0 2| VGA Out fotr frr HLDEL READ 
1 1 0 1 1 3) Vit Sig Odd MX TO TCD READ 
1 1 1 0 0 4| CTF YHB/YLB XPB/XNB AGCN PLLN 
1 1 1 0 1 5| CTF ac TRUP TRDN SHGN SIXT 
1 1 1 1 0 6] Inte En C, EA popO.d 
1 1 1 1 1 7| Vit Sig Evn Xo Xe rsrv’d rsrv’d 
0 1 X| power down power down power down modes 0-7 modes 0-7 
1 0 xX xX Xx X| modes 0-7 modes 0-7 modes 0-7 power down power down 
Table 207 Test Signal Descriptions 
ee Description 
CTF ac AC coupled output of the Continuous Time Filter 
VGA Out Analog output of the Variable Gain Amplifier of the AGC loop 
Vit Sig Evn The even FIR interleave input to the Viterbi detector 
Held Sig Odd Held signal value for the odd interleave of Viterbi detector 
FIR Out Output of the Finite Impulse Response filter 
VCO Control Analog control input to the Timing Recovery VCO 
VGA in Analog input to the Variable Gain Amplifier of the AGC loop 
Held Sig Evn Held signal value for the even interleave of Viterbi Detector 
Timing Error Timing error for the Timing Recovery Loop 
Vit Sig Odd The odd FIR interleave input to the Viterbi detector 
CTF Output of the Continuous Time Filter 
Int_€ Integrated Ims tap weight error 
SCLK ftp signal divided by 2 used as a sampling clock in the Timing Recovery and Viterbi sections 
for Timing recovery clock equal to the VCO (or external clock) divided by 2 
fotr VCO (or external clock) output with frequency 2X frp 
MX FIR mux0 to mux1 transition 
TO FIR track and hold 0 control signal 
YHB/YLB AGC pump up (=0) / down (=1) in sampled mode, qualified by XPB/XNB signal = 1 
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Table 207 Test Signal Descriptions 


Feet signal Description 
Name 
XPB/XNB AGC positive/negative sample sign indicator. Equivalent to (X1 xor X2) 
TRUP Pump up signal into the charge pump of the Timing Recovery loop in idle mode 
TRDN Pump down signal into the charge pump of the Timing Recovery loop in idle mode 
E, Sign of the PR4 equalization error estimate 
Ch Sign of the Channel data 
Xo Odd sample sign indicator for decision-directed phase detector in the timing recovery 
Xe Even sample sign indicator for decision-directed phase detector in the timing recovery 
LZDEL One-shot pulse which controls how long the AGC loop stays in low impedance mode 
FRDEL One-shot pulse which controls how long the AGC loop stays in fast acquisition mode 
HLDEL HOLD control signal for the AGC loop 
READ Read signal. Internal control signal which is delayed from FRDEL by two bytes after a dropout, and delayed 
from RG by two bytes after RG switches high. 
= 
0 Xx AGCN Internal control signal indicating when the AGC loop switches from the continuous time loop to the sampled 
DO time loop (active low). 
eo 
eo) Internal control signal indicating when the timing recovery loop switches from decision- directed acquisition 
nz PLLN i : : . 
2 mode to decision-directed tracking mode (active low). 
SHGN Internal control signal indicating when the AGC loop is in the high-gain sampled mode, equal to the exclusive 
NOR of AGCN and PLLN (active low) 
SIXT 6T Detector output. Goes high after 4 or 8 6T cycles have been detected. 
EA Enable for Adaption register write. Goes high when int_e signal crosses DZ threshold voltage. 


PIN FUNCTIONS AND DESCRIPTIONS 


Table 208VM65015 Pin Functions and Descriptions 


PIN TYPE PIN NAME PIN# INFORMATION 

VCC1 3 CT filter, analog AGC, analog test mux power 
Vvcc2 40 FIR filter, Viterbi detector, timing recovery power 
VCC3 15 Write current reference power 
VCC4 34 Timing recovery VCO analog power 

Power Pins 
VCC5 21 Write Data and test point ECL output and TTL input power 
VCC6 59 Internal digital CMOS and tub connection power 
VCC8 37 Viterbi digital CMOS and tub connection power 
VDD 47 3.3/5 V CMOS interface circuitry power 
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Table 208VM65015 Pin Functions and Descriptions 


PIN TYPE PIN NAME PIN# INFORMATION 
VEE1 4 CT filter, analog AGC, analog test mux ground 
VEE2 39 FIR, Viterbi detector, timing recovery ground 
VEE3 16 Write current reference ground 
VEE4 33 Timing recovery VCO analog ground 
Ground Pins VEE5 20 Write Data and test point ECL output ground 
VEE6 58 Internal digital CMOS ground 
VEE7 38 Bipolar substrate connection 
VEE8 36 Viterbi digital CMOS ground 
VSS 46 3.3/5 V CMOS interface circuitry ground 
Write Data In from microcontroller. 
This input is converted to a PECL sig- an 
WDI 19 nal and output on pins WDP and 15 
WDN. WDI is also used as the test ka a L 
5V Bipolar TTL Inputs input clock to the VCO ()—« t 
¥ z 
i 3 Vv a) 
FREE 29 19.1385 MHz input reference fre v 50 WA rc} E 
quency a3 
= On 
xO 
ADPHLD 48 Adaptive FIR Hold (active high) = 
RG 49 Read Gate. Selects read mode (active 
high) 
WG 50 Write Gate. Selects write mode (active 
high) 
Head Select. Low selects Head 0 reg- 
HDSEL 54 isters, high selects Head 1 registers, 
3.3/5V CMOS TTL Inputs transition initiates head switch — 
sequence oz 
Power down control signal. When this ie 
PD 52 signal is asserted, the chip is powered 
down. (active high) = 
SPCLK 53 Serial port clock (latch on positive 
edge) 
SPEN 54 Serial port I/O enable (active high) 
CT1 56 CMOS Test Output 1 
5V CMOS Outputs 
CT2 57 CMOS Test Output 2 
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Table 208VM65015 Pin Functions and Descriptions 
PIN TYPE PIN NAME PIN# INFORMATION 
CLCK 41 Recovered Clock. 
DATA 42 Recovered Data. 7 
— 
3.3/5V CMOS Outputs eXcess Zeros. High level indicates tr) 
number of consecutive zeros in recov- — 
XZ 43 na 
ered data has exceeded a program- 
mable value. a 
oO) s mialectonal SPDATA 55 Bidirectional serial port data signal 
Input/Outputs 
Pseudo ECL FDSP 29 Timing Recovery (Data Separator) test 
Differential Inputs FDSN 30 Frequency input 50 HA 
WDP 25 : 
WDN 26 Write data output 
Pseudo ECL Ws Digital Bipolar Test point 3 output 
Differential Outputs, 
Voc referenced 
TP4P 27 . : : 
TPAN 28 Digital Bipolar Test point 4 output 
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Table 208VM65015 Pin Functions and Descriptions 


\/ 
VM6501 mS 


PIN TYPE 


PIN NAME 


PIN# 


INFORMATION 


External Resistor 
Connections 


RWC 


17 


Write Current reference resistor. An 
external resistor from this pin to VEE3 
establishes range of programmable 
reference current (output on WREFC) 
used by preamp as a write current ref- 
erence. 2.6kQ <Rwc< 12kQ, 4.7kQ 
nominally. 


RTR 


35 


Timing Recovery PLL reference resis- 
tor. An external resistor is connected 
from this pin to VEE4 (pin 33) to estab- 
lish a precise internal reference cur- 
rent for the timing recovery VCO 
center frequency. 2kQ <Ryp< 6kQ, 
5.6kQ nominally. 


se 
es% 


RAF 


62 


AGC and CT Filter reference resistor. 
An external resistor is connected from 
this pin VEE1 (pin 4) to establish a 
precise internal reference current for 
the DACs controlling the continuous- 
time filter cut-off frequency, AGC 
charge pump currents, and Dropout 
Detector decay current. 4kQ <Rar< 
32kQ,11kQ nominally. 


1.9 
kQ 


RFSR 


63 


Fast Recovery reference resistor. A 
resistor between this pin and VEE1 
(pin 4) defines the duration of the fast 
recovery period. 10kQ <Res»< 40kQ, 
20kQ nominally. Also used as a differ- 
ential analog test input in conjunction 
with RLZ (pin 64). 


RLZ 


64 


Low Z duration control. A resistor 
between this pin and VEE1 (pin 4) 
defines the duration of the Low Z 
period. 10kKQ <Regra< 40kQ, 20kQ 
nominally.Also used as a differential 
analog test input in conjunction with 
RFSR (pin 63). 
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Table 208VM65015 Pin Functions and Descriptions 


PIN TYPE PIN NAME PIN# INFORMATION 
Track Cross Detector peak detect 
Crees " capacitor, Head 0. Nominally 0.68yF. 
ON 
240 
Q 
CTcD1 12 Track Cross Detector peak detect I ( ) 
capacitor, Head 1. Nominally 0.68uF pol 
Timing Recovery PLL loop filter. Differ- gs 
External Capacitor CTRP 31 ential connections for the timing recov- 
Connections CTRN 32 ery PLL loop filter capacitor, nominally ——(_) 
4700pF. 430 
pA 
= _ 
O x 
35 
ee AGC Gain capacitor, nominally 820 pF B 
4 2 CAGC 61 : : 
as to VEE1 (pin 4). +61) 


Analog Differential DIP 1 ~ 
Inputs DIN 2 Analog Read Data input 
3-112 
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Table 208VM65015 Pin Functions and Descriptions 


\/ 
VM6501 =e 


rent used by preamp. 


PIN TYPE PIN NAME PIN# INFORMATION 
TP1P 5 . : : 
TPIN 6 Differential analog test point 1 output 
ee : Differential analog test point 2 output mA 
TP2N 8 
Analog Outputs 
WREEFC 18 Programmable Write Reference Cur- 
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AC and DC CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified: 0°C < Ty, < 70°C 


990812 


neem unless otherwise specified: Rar=6kQ, Rgrr=20kQ, Riz=20kQ, Rra=2.5kQ, BMXEN=0, WD R,=500Q 
PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Powerdown Mode 500 HA 
Read Mode 190 mA 
Power Supply Current loc Idle Mode,PREN=0 190 mA 
PREN=1 115 mA 
Write Mode,PREN=0 215 mA 
PREN=1 150 mA 
Vpp Supply Current Ipp 10 mA 
CMOS Digital I/O (CLCK, DATA, XZ, ADPHLD, WG, RG, HDSEL, PD, SPCLK, SPEN, SPDATA, CT1, CT2) 
PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Input High Voltage Vin 2.0 Veo + 0.3 V 
Input Low Voltage ViL -0.3 0.8 V 
Input Leakage Current lit Vin = Veo Vin = Vee +10 A 
lon=4mA, (SPDATA,CT1,CT2) 2.7 V 
Output High Voltage Vou 
lon=4mA, (CLCK,DATA,XZ) Vpp-1.0V 
Output Low Voltage VoL lol=4mA 0.5 V 
Output Leakage Current loz pe rae =Vee, +10 uA 
Input Capacitance Cin 10 pF 
Output Capacitance Court 10 pF 
TTL Inputs (WDI, FREF) 
PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Input High Voltage Vin 2.0 Voc + 0.3 V 
Input Low Voltage ViL -0.3 0.8 V 
Input High Current NH Vin = 2.7V 20 HA 
Input Low Current lit ViL = 0.5V -0.6 mA 
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ECL I/O (FDSP, FDSN, WDP, WDN, TP3P, TP3N, TP4P, TP4N) 
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PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Common Mode Input 
Differential Input Voltage Vp 200 mV 
Input Current TN Vin=Voc 10 LA 
Output High Voltage Vis R =50Q to Vog-2V Voor1.3 es V 
Output Low Voltage VoL R, =50Q to Vec-2.5V Hoa Voc-1.3 V 
Differential Output Swing | Vit lo=loy=18mA 0.485 0.500 0.515 V 
Output Leakage : 
ae g loz Output disabled, Voyt = Veg: Vec +200 nA 
Gain Control 
Conditions unless otherwise specified: Cagc=820PF, Vepo=Vcc; Rar=6kQ, Rgrr=20kQ, Riz=20kQ, 
PARAMETER SYM CONDITIONS MIN TYP MAX 
Input Dynamic Range Vol Vor = (Voip -Vpin) 30 300 
Input Common Mode 
otege Vempt | Vomopi = (Voip +Vpin)/2 Vec-3.1 Voor2.7 | Voc-2.3 
Differential Input Resis- LOWZ = Low, WG='0 ie 2.5 3.8 
tance Rin(DA) ; ah 
LOWZ = High, WG='1 120 250 380 
Single-ended input a LOWZ = Low, WG='0’ 0.6 1.25 1.9 kQ 
i in(SA 
Resistance i") 7 LOwz = High, WG="1’ 60 125 190 Q 
ini Ay=(Vvaap -Vvaan)/Vor 
VGA Minimum Gain Avmin Voaao=0.8V, PGCEN=0 2.3 VIV 
Ay=(Vvaap -Vvaan)/Vor 
VGA Maximum Gain Avmax Veacc=2.5V, PGCEN =0 39 40 VIV 
Ay=(Vvaap -Vvaan)/Von 
PGCEN=1 
PGC= 0000 2.24 
VGA Gain in PGC mode Ay PGC= 0001 5.0 VIV 
PGC= 0011 10.6 
PGC= 0111 21.8 
PGC= 1111 44.5 
Output Common Mode 
: Vvcm Vom = (Vyaar +Vvcan)/2 Voo-3.2 Voo-2.5 | Voc-1.8 V 
Voltage 
CAGC Common mode 
Volladé Vom 0.5 2.0 $2 Vv 
Vos=(Vvear -VvGan); Over entire s 
Output Offset Voltage Vos gain range, Test Mode 2 50 50 mV 
Vo = 30-300MV pp 
ba VyGqaS0.75V pa; : 
Output Distortion THD {-20MHz 1.0 Yo 
18t, 2"4 | and 3'¢ harmonics only 
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AGC Loop 
Conditions unless otherwise specified: Cagc=820PF, Vepo=Voc; Rar=6kQ, Resa=20kQ, Riz=20kQ. For Charge Pump Current tests: 
LPFBYP='1’, TFAQ=’0’, Veagc=1.2V, WG='0’, RG=’0" 


990812 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
RAF Pin Voltage VRAF 1.16 1.2 1.24 V 
RAF Current Range lRar lpar=VRAF/Rar 36 200 310 HA 
RFSR Pin Voltage VRFSR 1.24 1.28 1.31 V 
RFSR Current Range IRESR IRFsR=VresR/Reese 30 64 130 HA 
RLZ Pin Voltage VaLz 1.24 1.28 1.31 V 
RLZ Current Range lriz lrtz=Vrtz/Riz 30 64 130 LA 
Fast Discharge Current lar Vaiz=Vcc-1.0V 0.8-lorp lorp 1.2-lgep mA 
Continuous Mode larp/ Vesa Vico0-6¥ 

ee lorp=120-lanc 96 120 144 
Normal Discharge Cur- lano Vaiz=Voc-0.88V 0.8-lano lanp 1.2-lanp LA 
; ae Vesr=Vec-0.6V 
rent, Continuous Mode QND | 5. | 12 15 18 
lanc QND=9"!Qnc 
Vaiz=Voc-0.8V 
Normal Charge Current, ASE ee 
Continuous hibde lane Vesr=Voc-0.6V 0.8-lonc lane 1.2-lonc LA 
lanc=|par/17 
Ultra Fast Charge laure Varz=Vec-0.6V . Ole lsuee eaee 12 loice mA 
Current, Continuous | / Vicgn=Vioc-0-6V, Set _ 10s 
Mode QUFC pause and set TFAQ='1 
lanc lquec=134-lonc 
larc With device in ultra fast charge 0.8-lgEc larc 1.2-Igec uA 
condition, set Vai z=Voc-1.0V, 
Fast Charge Current, Vesr=Vcc-0.6V, pause and set 
Continuous Mode loro! Vaiz=Vcc-0.6V, 7.2 9 10.8 
anc Vesr=Voc-0.6V 
lerc=9-lanc 
lat Vaiz=Voec-0.465V 0.8-lg, lat 1 lap LA 
Low Gain Charge Pump Vesr=Vcc-0.6V, RG='1’, 0 
Current, Io / PDTST='1’, DPLL=’0’, { 
Sampled Mode i OLKSELA1, Ke = 0,25 
lat =lanc’Kgap 3 
IQH 0.8-lqy IQH 1 -21QH HA 
a a Charge rump same conditions as lg,, DPLL="1’, 6 
oe lau! Peat ee eeen 7 
Sampled Mode sap! = V3 154, IQH =lanc SQPI 
P lanc 8 
9 
ia Pump Lbakage hic HLD="1’ +200 nA 
Vea = (Veap-Vean) 
Output dynamic range Vea 30MV p54 S Vp) S 300MV 54 0.45 0.55 Vopd 
1MHz < fi, < 10MHz 
LOWZ One-shot Pulse is HDSEL or WG transition 0.8-T,, Tt, 127, sig 


Width 
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AGC Loop 
Conditions unless otherwise specified: Cagc=820PF, Vepo=Vec; Rar=6kQ, Resa=20kQ, R_z=20kQ. For Charge Pump Current tests: 
LPFBYP='1’, TFAQ=’0’, Veagc=1.2V, WG='0’, RG=’0’ 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
FSR One-shot Pulse HDSEL, WG, or TCD transition 
Width TEsR T-s9=0.075-R,> 0.8-TrsR Tesr 1.2-Trsa Us 
Differential input capaci- 
tance Cinoa) ag pie 
Input referred noise volt- Vv gain =AV na,, BW=15MHz 10 nV 
age _ Vow = Voin VHz 
Gain settle from -30% Ven 2 0.9-(final value) in normal 
Vp step Tasp acquisition mode 20 26 
Gain settle from +30% T Ven S 1.1-(final value) in normal 15 é 
Vp step GSA acquisition mode H 
VGA Bandwidth BW No AGC action. All gain values. 100 MHz 
Common mode rejection CMRR gain = Avmaxs fin = SMHz, 40 dB 
ratio G Vow = Vow = 100mV,, 
Power supply rejection gain = Avmaxs fin = SMHz 
ratio PSAs AVoc OF AVeg =100MV,, - dé 
AGC Gain Sensitivity to F : 
CAGC voltage AVpy (Typical range is 1.4V to 2.8V) 17.5 dB/V 
Differential input capaci- 
tance Cinoa) um pF 
Input referred noise volt- Vv gain =AV nax, BW=15MHz 10 nV 
age ss Vow = Von VHz 
Gain settle from -30% Ven = 0.9-(final value) in normal 
Vp step Tasp acquisition mode = eS 
Gain settle from +30% T Ven S 1.1-(final value) in normal 15 - 
Vp) step ae acquisition mode p 
VGA Bandwidth BW No AGC action. All gain values. 100 MHz 
Common mode rejection CMRR gain = Avmaxs fin = SMHz, 40 dB 
ratio G Vow = Vow = 100mV,, 
Power supply rejection gain = Avmax» fin = SMHz 
ratio Ponts AV cc OF AVeg =100MVp, = ae 
AGC Gain Sensitivity to : ‘ 
CAGC voltage AVpy (Typical range is 1.4V to 2.8V) 17.5 dB/V 
Trailing edge of LOWZ to _ 
Ven stable to 10% Twa Cage eZ 0RF ann My 
LOWZ extension time Tize 500 ns 
. Kgqgp; is the value of the sampled charge pump current control register word SQPI(1:0). 
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Track Cross Detector 
Conditions unless otherwise specified: Crop0,;=0.68F, Rar=10kQ, Rerg=20kQ, Ri z=20kQ, 0.5V < Vong < 3.2V 
PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
TCD Decay Current tcp Itcp= 0.065/Rar(K,;+4Ko+1 6K;) 0.9-ltep 1.1 ‘ep LA 
VH=Ven/(1+4/(1+2Ktcpty)) 
Measure V7, when TCD switches : : 
V1H from high to low. ote 10TH : 
TCD Threshold Force Vex through CTCDO,1 
Decrease in V7, when TCD 
AVTH switches from low to high (hystere- | 55 70 85 mV 
sis) 
Time from Verge crossing the 
TCD Delay TropeL threshold to TCD switching in100X 5 us 
mode. 
Input referred noise volt- Vv gain =Aymax, BW=15MHz 10 nV 
age InN Vor = Von VHz 
Power supply rejection gain = A\vmax» fin = SMHz 
ratio PSHAs AV oc OF AVeg =100MV,, bi de 
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Continuous Time Low-Pass Filter/Equalizer 


Conditions unless otherwise specified: Cagc=820PF, Vepo=Voc; Rar=6kQ, Repa=20kQ, R_z=20kQ 
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os 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Input Dynamic Range VvGA Ven<600MV po 0.1 0.7 1.0 Vopd 
Filter cutoff frequency fe Ffo=(0.15-Kec+5.0) lear 0.9-fo fo 1.1-fo MHz 
Nommaliow pass gain Ren BST=0, Kec=0, fin = 0.1f¢ 5.0 3.2 22 dB 
(Ven VS. Vel) 

Filter Boost (low end) ABmin BST=0 0 0.5 dB 
Filter Boost (mid point) ABniat BST=8 0 0.5 dB 
Filter Boost (mid point) ABmid2 BST=20 5.5 6.5 7.5 dB 
Filter Boost (high end) ABmax BST=31 12.0 13.0 14.0 dB 
Filter Output Offset VosEN Vr = 0.0V, FNP/N outputs -200 200 mV 
AC couplediiter OUIDOE | ye a>'|) Mae oy APN auiputs -10 10 mV 
offset 
Group Delay Tep Kro=63, GD=0 27 32 37 ns 
0.1 fo S fin $1.5 fo, 
Tep 5MHz S fo S 15MHz, -2.0 2.0 % 
BST=0, GD=0 
Group Delay Variation 
Ot (SiS iets 
Tepe 5MHz S fo S$ 15MHz, -2.5 2.5 % 
BST=31, GD=0 
DC @ FNPYN outputs. 
Tep3 : -32 -28 % 
Group delay variation GD=-32, relative to GD=0 
nonsymmetric zeros 
Tass DC @ FNP/N outputs. 28 30 
GD=+31, relative to GD=0 % 
i 7 = _ 1 
Normal output noise volt vii BW = 100MHz, fc = 10MHz TBD MiVene 
age Vor = Voin 
Power supply rejection Fin = SMHzZ, Vp) = OV, 
ratio ponie AV cc OF AVeg = 100MVp, _ a 
Total harmonic distortion Fin = 0-67 fe, Kre-63, 
Weune Vea THD- Vey S 0.7 Vina 1.5 % 
EN Ss Fl 2nd and 3 harmonics only 
Filter settle from step in 
Fc and BOOST TEs Kec or BST step to Ven settle 85 300 ns 
Boost accuracy BA -1 +1 dB 
1. Kec=63, BST=31 (boost level of 13dB). 
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Conditions unless otherwise specified: TC2=1, TC13=1, Kg 4 = 0, Ky 3=0, LPFBYP='1’, CLKSEL='1’. Inputs on RLZ and RFSR. ft_> 


20MHz. 
PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Nom. Center Tap Gain 1 Ave K,=8 1.15 1.25 1.3 VIV 
K,=8, Apply a 0.2V D.C. signal 
enler Tap Gain Varia- DA measure the gain for eight succes- 0 1.0 15 % 
tion sive channel samples, compute 
min vs. max percentage 
Nom. Center Tap Offset! | OFFo Kp=8 3 5 mV 
Ta Tapiofisetvatie>’ |. Gee, | Sane as OFFe 5 10 mV 
TG Average tap gain per step 17.5 19.5 21.5 V/V 
Ayo Ko=31 . TC2=0, Maximum voltage 17 VV 
gain of center tap 2 
‘ ‘ | 
Fab Sal: ce Line any . Ko 4=15, Ky 9=0. Maximum volt- anes - 
Oe: age gain of taps 0 and 4 : 
Ky 3=31, K3,1=16. TC13=0,Maxi- 
Avi,3 mum voltage gain of taps1 and 3 eye WN 
Differential non-linearity ' DNL 5 mV/V 
Integral non-linearity : INL 19.8 mvV/V 
TH Droop DAV Average droop 0.25 v diff 2 30 V/us 
TH Jitter THJ Ky=8, Ko 43,4=0 TBD ps 
i 3 -K.= 3 
Center tap Large Signal LSBW K,=8, K;=K3=16, 0.5V,,g> swept TBD MHz 


Bandwidth 


ono 
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over frequency range 


. These tests should be done at the highest device clock rate. 
Set taps Kp=8 & K;/Kgz = 16 & Ko/Ky = 0 
Set taps Kp=31, Ky/Kg=-32 & Ko/Kg=15 
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FIR Adaptation Circuit 
Conditions unless otherwise specified: R7p=5.4kQ. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
ACTST = 3. Observe Int_t. Set all 
tap weights to zero except tap 3, 
which is set to unity. Supply an 
external CLK and a 4T pattern as 
shown in the diagrams that follow. 
IS Adjust the phase of the CLK rela- 
tive to the FIR IN signal to create 
integrate up, down and hold condi- 
tions as shown. Measure inte- 
grated signal peak relative to reset 
value and normalize to integration 
length (12 for INTL=’00’). 
Integration Slope ISuoo Integrate up, INTL='00 0.46 mvV/ns 
ISuo1 Integrate up, INTL=’01 0.37 mV/ns 
ISuto Integrate up, INTL='10 0.31 mV/ns 
Suit Integrate up, INTL="11’ 0.26 mV/ns 
ISpoo Integrate down, INTL=’00’ 0.46 mV/ns 7 
zw 
ISpo1 Integrate down, INTL=’01’ 0.37 mV/ns SE 
26 
ISp10 Integrate down, INTL="10" 0.31 mV/ns g 5 
ISpi1 Integrate down, INTL='11’ 0.26 mV/ns 7 
Use the conditions for the error 
integration slope up measure- 
ment. For each value of the inte- 
INT. gration length, measure the time 
E for each cycle of the Int_e output, 
and normalize to the CLK period. 
Subtract 12 cycles to determine 
Integration length the true integration length. 
ILoo INTL=’00’ 12 cycles 
ILoy INTL=’01’ 15 cycles 
ILy9 INTL=10’ 18 cycles 
ILy, INTL='11’ 21 cycles 
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FIR Adaptation Circuit 
Conditions unless otherwise specified: Ryp=5.4kQ. 


PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 


Use the conditions for the error 
integration slope up measure- 
ment. Set ACTST = 0. For each 
step in integration slope, perform 
DZry4 an adaptation of Tap 3. Monitor EA 
and Int_e test signals. Measure 
Int_e voltage when EA goes high. 
Repeat for integrate down condi- 


tions. 
DZU 9 Integrate up, DZ= ‘00’ 88 mV 
DeadiZone Threstield DZUo1 Integrate up, DZ= ‘01’ 134 mV 
DZU 49 Integrate up, DZ= ‘10’ 185 mV 
D2ZU 44 Integrate up, DZ= ‘11’ 231 mV 
DZDo9 Integrate down, DZ = ‘00’ 88 mV 
DZDo1 Integrate down, DZ= ‘01’ 134 mV 
DZD19 Integrate down, DZ='10’ 185 mV 
DZD4, Integrate down, DZ='11’ 231 mV 
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Timing Recovery Loop 
PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 

RTR Pin Voltage VetR 1.21 1.25 1.29 V 

RTR Current Range latR 200 500 645 LA 

VCO Reference 

Current lRer laer=lata=Vatr/Rte laer mA 

VCO Frequency fvco fvco = fo-(1+ky(l-AVtp +P-AVep)) fvco MHz 

VCO Center Frequency fo fo =k, lrer (1+(0.125/32)-Kerg) : 0.9-fo fo 1.1-fo MHz 

VCO Gain ky egal ae 0.35 0.4 0.45 vt 

pamp= 127 

Imult Gain | 0.9 1.0 1.1 A/A 

P=1.0(127-Kpamp)/127, Idle/Acq. 
; P=0.25(127-Kpamp)/127, Tracking, 
Nee Saree Err) P TRGAIN=0 0.8-P P 1.2-P VV 
oe P=0.5(127-Kpaup)/127, Tracking, 

TRGAIN=1, CTRP=CTRN 

VCO Dynamic Range far(vco) 2% Rr +5 +40 % 

CTRP/N CM Voltage Vom 2.20 2.30 2.40 V 

CTRP/N Leakage lictr COAST='1’ +200 nA 
Idle/Acquisition Mode 345 460 575 pLA/V 

TR Charge Pump Gain ; : 7 

(Ige/Timing Error) ItRaP Tracking Mode: HGSEL = 0 87 115 144 wA/V 
HGSEL = 0 345 460 575 pA/V 
LPFBYP='1’, PDTST='1’, RFSR/RLZ 

Timing Error Offset OFFt_ inputs set to +180MV, 4, +5 mV 
-180MV.4,aNd OMV oq 
LPFBYP='1’, PDTST='1’, CLK- 

; SEL='1’, Vary differential voltage on 

Sliced Threshold Voltage Vist RFSR/RLZ inputs, observe X, and 80 90 100 mV 
Xo 

Closed Loop Jitter Op VCO output, sample size=100,000 100 ps 


= 


_ ky is 167.4 MHz/mA, Kerg is the val 
and TCD='0" 


ue of the VCO center frequency DAC FRQN(4:0), [-16 to 15}, for TCDEN='0' or TCD="1’, or FRQT(4:0), [-16 to 15}, for TCDEN="1" 


2. Kpamp is the value of the Damping Ratio DAC DAMP(6:0), [0 to 127] 
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SYK 
Se VM65015 990812 
Viterbi Detector 
Conditions unless otherwise specified: RG="1’, LPFBYP='1’, PDTST='1’. 
PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
On each interleave Input series of 
same-polarity full-height pulses on 
RLZ/RFSR. Increase height of 
final pulse by Vow, Observe DATA. 
a ' : Pulse prior to large pulse should 
i a a ae Vow get overwritten and DATA=’0’. Test 15 mV 
g both polarities of signal with 1-10 
(PML=’0’) and 1-21 (PML='1’) 
intervening zeros between 1’s of 
same polarity. Repeat for each 
interleave. 
1.5V on Active edge of CCLK to 
1.5V on either DATA edge. 
Speen Delay Teo CLCKE=0: positive CLCK edge 2 7 2 
CLCKE=1: negative CLCK edge 
Excess Zero Count Delay | Tezc aes lze) bie wate Tra = iis X+2 Xx X+20 ns 
timing recovery clock period 
X=(10+6-Kgy7,)T72 where es the 
timing recovery clock period*. 
eh Belecier Belay Tor measured from FIR output to SIXT ae - el ue 
test point. 
VIT74=0.047+0.376-(Kyq/127)9 
Input series of full height pulses 
on RLZ/RFSF. Reduce height of 1 
Viterbi Threshold VITtH pulse, vary Ky; while observing VITtH V 
DATA. When runt pulse is lower 
than the threshold, DATA will drop 
to ‘0.’ Repeat for both interleaves 
Viterbi Threshold Mini- Via Ky,=0 0.02 0.023 0.028 Vv 
mum 
Pee areca Mas: MlMjanecl |e? 0.200 0.211 0.222 Vv 
mum 
Viterbi Threshold DAC ViT ou Worst case step size deviation 0.047 Vv 
differential nonlinearity from ideal 
Viterbi Threshold DAC 
integral nonlinearity VITiw Slope of VIT+4 vs. VITpac 1 Isb 
PLLP 0-to-1 Transition to 
Path Memory Set TBD ns 
released. 
1. Kezc is the value of the excess zeros count control register word EZC(4:0) 
2. Kgz_ is the value of the STL 6T length control register bit, 0 (4cycles) or1 (8 cycles) 
3. Kyj7 is the value of the Viterbi Threshold control register word VIT(6:0) 
Write Circuitry 
PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
RWC Pin Voltage Vawc 1.21 1.25 1.29 V 
RWC Current Range lrwe lrawc=Vawc/Rwe 100 266 500 HA 
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990812 VM65015 
Write Circuitry 
PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
WREFC Voltage Range 2v Voc V 
Output Current lwe lwo=leawe:Kwe/4 | 0.95-lwe lwe 1.05-lwe 
Write Current Reference 
DAC differential nonlin- Voc=5V, T=25°C 1 Isb 
earity 
Write Current reference 0.95-lwo/ Iwol4 1.05-lwe/ uA 
DAC slope error 4 4 
Baie MW Erapagation Tworn | Ri=50Q to Vog-2V 5 ns 
WDPYN Rise Times Twor R,=50Q to Voc-2V 2 ns 
WDPYN Fall Times Twor R,=50Q to Voc-2V 2 ns 
1. Kye is the value of the Write Current DAC WC(4:0), [0 to 31] 
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VM65060 


ANALOG PRML CHANNEL 


990812 PRELIMINARY August 12, 1999 
FEATURES CONNECTION DIAGRAM 
« Register programmable user data rates from 46 to 140 
Mbps Sea ee 
+ Sampled data read channel with maximum likelihood Viterbi feeeeeeesugua g GS 
detection 


* Programmable continuous-time filter with two 
independently-variable real zeros 


* Programmable seven-tap transversal filter for PR4 
equalization 


* Self-adapting option for FIR tap weights 


* Programmable two-level write precompensation with 1.25% 
resolution 


* Direct Write/Read feature for equalizer optimization 

* Analog/sampled AGC 

« Zero phase restart for fast acquisition 

* Servo area detectors for burst demodulation 

* Fast timing control during acquisition by bypassing FIR filter 


+ Register programmable power management 
(<5 mW Power Down mode) 


* 4 or 8-bit wide parallel data interface to disk =O) 
t e 


* Serial interface port for access to internal pr 
registers to load and verify 


* Single power supply (5V +10%) 
* Small footprint 80-pin PQFP package 


DESCRIPTION 

The VM65060 is a high performance BiCMOS read channel IC 
that provides all of the data processing needed to implement a 
Partial Response Maximum Likelihood (PRML) read channel for 
zoned recording MR hard disk drive systems with user data rates 
from 46 to 140 Mbps. 

BiCMOS process technology along with advanced circuit 
design techniques result in high performance devices with low 
power consumption. The part requires a single +5V power 
supply and is available in a 80-Lead PQFP package. 

Functional blocks include AGC, programmable continuous 
time filter, adaptive FIR filter, maximum likelihood Viterbi 
detector, frequency synthesizer, 2-level nonlinear write precomp 
and area detectors for servo bursts. Programmable functions 
such as data rate, filter cutoff/boost, FIR tap weights, adaption 
parameters, write precomp values, etc. are controlled by writing 
to the serial port registers. No external component changes are 
required to change zones. 
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80 79 78 77 7675 7473 7271 70 69 68 67 6665 


oO 
1 64] VEE9 
VEE11 C2 63[] VEE7 
vcocit 3 62{[] TDATAN 
HOLD [] 4 61[-] TDATAP 
VEE2 [] 5 60[-] TCLKN 
vec2 [1] 6 59] TCLKP 
7 58] vcc4 
8 57] VEE4 
56{_] DSFN 
SRST 55 DSFP 
DEMOD 54] FDSN 
z 53{-] FDSP 
SPCLK 80-lead PQFP 52(] TP4N 
SPEN 51] TP4P 
SPDATA 50] WDN 
RPOL 49(] WDP 
48] TP3N 
Vi 8 47] TP3P 
ve 467] FREF 
CAGC| 45[] Vccs 
A 441] VEES 
43] NC 
RFSR 42] FSFN 
RLOWZ 41] FSFP 
25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 
aZzZnrraetmoakaza2none 
BaQHUHaanmaaWrrnnOoWe 
SSPPOOEEEFESS 
ABSOLUTE MAXIMUM RATINGS 
Power Supply Voltage 
MV GG sthacinsdcciibcs datactianstindanatuseieieaisndbanmianander amdsand -0.3V to +7V 
Input Voltages 
Digital Input Voltage Vy .........eeeeeeeeeeee -0.3V to (Veco + 0.3)V 
Analog Input Voltage Vip... ....ceseeeeeeneeee eee -0.3V to (Veg + 0.3)V 


Storage Temperature Totg -65°C to 150°C 


Junction Temperature Ty ........ccccccceccee cece cece neces eeeee 150°C 
Thermal Impedance Characteristics, Oya. 

80-LeadPOQEP? sipecsidtnncgetunaenatpacivedegnndeunsetandigaenidnevans 39°C/W 
RECOMMENDED OPERATING CONDITIONS 
Power Supply Voltage: 

Voc Bah fava ta as haf aay avatar a ce areata gaya Tage ay ss favanyetana cai +5V + 10% 


0°C to 125°C 
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VM65060 


BLOCK DIAGRAM DESCRIPTION 


Automatic Gain Control 


Dual mode AGC, analog during acquisition, sampled during 
read data 


Separate AGC level storage pins for data and servo 


Dual rate attack and decay charge pump for rapid AGC 
recovery 


Programmable, symmetric, charge pump currents during 
read data 


Charge pump currents track programmable data rate 
Low drift AGC hold circuitry 
Internal Low Z for write mode. 


Externally adjustable one-shot pulse width for LOWZ 
control 


AGC hold, fast recovery, and AGC input impedance control 
signals 
Wide bandwidth, precision full-wave rectifier 


Low Pass Filter/Equalizer 


FIR Filter/Equalizer 


Programmable, 7-pole, continuous time filter provides: 

- Channel filter and pulse slimming equalization for 
equalization to PR4 

- Programmable cutoff frequency from 7 to 48 MHz 

- Programmable boost/equalization of 0 to 13 dB 

- Programmable group delay of 80% 

- Differentiator outputs match normal output phase 


- Minimized size and power & 


n to PR4 target 


Seven tap filter 
Individual tap adjustment for fine equal 
No external components required 

Independent and/or dependent self adaption of tap weights 


User programmable adaption parameters: 

- Integration time 

- Dead zone control 

- Tap starting points 

- Number of taps to adapt 

- Selection of which taps to independently adjust 


Level Qualification 


Level pulse detector for servo and sync field reads 


Independent positive and negative thresholds for 
asymmetrical signals (e.g. from MR heads) 


Independent thresholds for servo 


Maximum Likelihood Detector 


Sampled Viterbi detection of signal equalized to PR4 
Programmable threshold window 
Survival register length of five 
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Frequency Synthesizer 


Better than 1% frequency resolution 
Up to 200 MHz frequency output 
Independent M and N divide-by registers 


No active external components required 


Timing Recovery 


Single external capacitor required 


Register programmable to user data rate of 140 Mbps 
operation 


Fast Acquisition, sampled data phase lock loop 
Decision directed clock recovery from data samples 


Programmable damping ratio which is constant over all data 
rates 


Write Precompensation 


Independently-programmable write precompensation for 
three data patterns 


Step resolution of 1.25% up to 40% 
Precompensatio ks Frequency Synthesizer period 
ata output 


Differenti Ni 
Pre ig f ion suited for PR4 channel 


SE 
andwidth, precision full-wave rectifier 


Separate, automatically-selected registers for servo f,, 
boost, and group delay 


Individual area detectors for servo bursts A, B, C and D 
Programmable servo gain of + 4 dB 


Digital Backend 


4-bit (nibble) and 8-bit (byte) wide Bidirectional NRZ 
interface 


Parallel-to-Serial and Serial-to-Parallel converters 
8/9 (0, 4/4) Encoder and Decoder 


8-bit wide data Scrambler and Descrambler, with Pseudo 
Random Number Generator 


SYNC Byte detector, programmable, dual byte (“or” type) 
Channel clock divider 
4-bit or 8-bit Direct Test Write and Read 


PIN FUNCTIONS AND DESCRIPTION 
Pin functions are described on page 128. 
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BLOCK DIAGRAM 


RX 
RDS 


CAGCS @— 


Diff Metric Even 
Timing error 


Multiplexer 
Analog 


CAGCD 
, a ies 
HLD (int) Viterbi |_ Viterbi out 
Detect 
HOLD 
RLOWZ 
RFSR Write 
Precomp. 
Precoder - 
TCLKP 3 7) 
TCLKN OE 
TDATAP 7) 3 
TDATAN (aera 
xO 
= 


Timing Recovery 


>| Decision 
Directed 
Phase Timing error 


Detector | ¥ Charge 


Oo Pump 


DSFP 
DSFN 


Control 
Logic 


FDSP 
FDSN 


Frequency Synthesizer 


TCLKP/N 

~ 
Phase- 

Detector 


FSFP 
FSFN 


Serial Interface 
& Register file 


SPCLK 
SPDATA 
SPEN 
TP1P 
TPIN 
TP2P 
TP2N 
TP3P 
TP3N 
TP4P 
TP4N 

FREF@ 
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DIGITAL BACK END TOP LEVEL SCHEMATIC/LOGIC BLOCKS 


3-130 


WCLK O 


> 


-T Clock Divider > C) Serial Write Clock 
| Spochonee’ fa eye Serial Read Clock 


RCLK O- 


> >O Serial Write Data 


NRZ [8] O- 


NRZ [7] O- 


NRZ [6] O< 


NRZ [5] O< 


NRZ [4] O- 


NRZ [3] O- 


Scrambler 


89 Encoder 


SB Detector 


NRZ [2] O< 


NRZ [1] O< 


Descrambler 


98 Decoder 


| 
| 


| | Serial Shift Reg. 


<}- O Serial Read Data 


Controller 
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BLOCK-BY-BLOCK FUNCTIONAL DESCRIPTION 

TheVM65060 implements a complete high performance 
PRML read channel. The VM65060 includes an AGC, 
programmable filter/equalizer, adaptive FIR filter, Viterbi 
detector, frequency synthesizer, decision-directed timing 
recovery, write precompensation and area detect servo, and 
supports user data rates up to 140 Mbps. A serial port is 
provided to read and write control data to the 16 internal 
programmable storage registers. 


Gain Control (GC) 

The Gain Control section of the VM65060 consists of a wide- 
band variable gain amplifier (VGA) and a programmable 
continuous time filter, with a charge pump, amplitude detector, 
and exponentiator. The Gain Control has two modes: Automatic 
(AGC), and Programmable (PGC). The mode is selected with 
the PGCEN register bit. 

Servo reads employ a fully differential analog AGC loop, while 
data reads employ both the analog loop (for fast acquisition) and 
a sampled/decision-directed loop (for fine tuning of the gain). 
The programmable gain control (PGC) circuit controls the VGA 
gain with an internal DAC. In PGC mode, the AGC loop is 


disabled and the VGA gain is a linear function of the DAC count. 


The read signal is externally AC-coupled into the VGA 
amplifier on the DIP/DIN pins. The gain of the VGA is controlled 
by the voltage stored on the CAGCD hold capacitor for data 
reads (SG=0) and CAGCS for servo reads (SG=1). Two external 
holding capacitors allow for data and servo fields to have 
independent charge and discharge rates to avoid long 


reacquisitions of the gain at the beginning of the servo and = 


fields. The read signal is amplified and equalized by a lo 
filter. The AGC loop locks the differential peak-to- Vv 
at FAP/FAN to Ve, = 0.5Vppq for inputs ranging f to 
MVppa- Test modes are provided in which d 
differentiated filter outputs (FNP/FNN, FD , the VGA 
inputs and outputs (DIP/DIN, DOP/DON), and the pulse detector 
inputs (FAP/FAN) are multiplexed to the TP2P/TP2N output pins 
respectively. 

The analog AGC loop consists of the VGA amplifier, 
programmable continuous time filter, amplitude detector, 
exponentiator, and dual rate charge pump for fast transient 
recovery. Charge currents (decay) increase the capacitor 
voltage, Veagex, and increase the VGA gain while discharge 
currents (attack) lower the capacitor voltage, Veagcx, and reduce 


Zero Phase Restart 


2 byte 


> 
clocks 
RGD / | \ 
+ _ i >< Sampled AGC Sa al 


VM65060.fm “Op! 


the VGA gain. 

When switching between data and servo modes, the VGA gain 
is momentarily squelched and the input impedance is reduced 
by a factor of 10 (to allow quick recovery from transient offsets), 
then a fast recovery mode is initiated. External resistor Riows 
sets the amount of time the low Z state is on. 

During ultra fast recovery, the VGA gain is increased to 155 
times its normal rate until the signal exceeds its target value. The 
loop then enters a “fast” mode. This high bandwidth mode 
continues until the fast acquisition window Traq times-out, 
whereupon normal charge pump currents are reinstated and 
loop bandwidth is reduced to its normal value for servo mode. 
External resistor Regq sets the fast acquisition window period, 
TEaa- 

To optimize recovery for constant density recording, all charge 
pump currents track with the value loaded in the data rate 
register (DRR); current magnitude ranges from Igy at 
maximum DR to laxx/2 at minimum DR. The magnitude of the 
charge pump currents, lgxx, are set by an external resistor 
connected between the RX pin and ground and are given by the 
following equations: 


2.16V 
ath, = (DRR = 11111), RX =6 kQ 
| 


A.M... 0, Iaurc = 8-6lenp: larp = 8lanp 
a, has been optimized for user data rates of 70- 
a Os d can be scaled appropriately for lower data rates. 


ommends that the AGC loop response be altered by 
rying the CAGCx capacitors and not the RX resistor. Since 
servo data is written at a lower fixed frequency, the magnitudes 
of charge pump currents in servo mode are set equal to those 
that occur at the minimum data rate in read mode. 

For data reads, the analog AGC loop is utilized to quickly lock 
onto the incoming sync field preamble. When RG is asserted, 
the FIR, Viterbi detector, and decision-directed AGC and timing 
recovery circuits are powered up (if the programmable power 
reduction feature is enabled). An internal, delayed RG signal 
(RGD) is then generated two byte times after external RG is 
asserted. The sync field count begins when RGD is asserted. 
Refer to Figure 167. 


(eq. 190) 


Continous AGC 


+_— 4,5,7, or 9 byte clocks 


lq 0,1,2,0r 3 byte 
PLL PFD Output DDPD Output clocks \ 
<< lle Mode Pid Acquisition Mode p< Tracking Mode ——> 


Figure 167 VCO Sync Field Timing Diagram 
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The AGC transition in high gain mode and the PLL transition 
into tracking mode are based on two programmable sync-field 
counters, the AGC SF counter and the PLL SF counter. The 
AGC transition from continuous to sampled high gain is 
determined by one of four programmable counts of 4, 5, 7, or 9 
byte times (for this discussion, a ‘byte time’ equals 8 channel-bit 
times) which are derived from the frequency synthesizer clock; 
this is the AGC SF count. 

Additionally, the PLL acquisition time can be extended by one of 
four progammable counts of 0, 1, 2 or 3 byte times following the 
AGC SF court; this is the PLL SF count. The sampled AGC 
remains in the high gain mode for the sum of both counts, then 
transitions into low gain. The PLL transitions from idle to 
acquisition mode when RGD is asserted. The PLL remains in 
acquisition mode through the sum of both the AGC SF and PLL 
SF counts, whereupon, it transitions into the tracking mode. 

The sampled AGC loop consists of the VGA, the 
programmable continuous time filter, the sampling 7-tap FIR 
equalizer, the decision amplitude detector and charge pump. 
Symmetrical charge and discharge currents are utilized in the 
sampled mode. To optimize recovery for constant density 
recording, the charge pump currents in the sampled mode track 
with the value loaded in the data rate register (DRR); current 
magnitude ranges from Ig at maximum data rate (DR) to IQ/2 at 
minimum DR. The magnitude of the charge pump currents, lq, 
can be programmed from the sample loop control register to 0, 
40, 80, or 120 pA for DRR = 11111. The high gain current modes 
are equal to the low gain current modes. 

The VGA has an exponential characteristic of gain versus 
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Pulse Detector 

The pulse detector (PD), converts analog read data into a 
digital pulse stream, utilizing amplitude discrimination. The 
timing between peaks is provided on the rising edges of the RDS 
output. The timing channel inputs, FDP/FDN, are direct-coupled 
from the differentiated output of the filter. The level channel 
inputs FAP/FAN are AC-coupled from the normal outputs of the 
filter. 

The timing channel inputs (FD = FDP/FDN) are derived from 
the differentiated output of the low pass filter. A zero-cross 
comparator at FD detects the peaks of the waveform to preserve 
the timing of the read pattern. A bi-directional one shot circuit 
with nominal pulse width of 4ns clocks the D-type Flip-Flop on 
either positive or negative transitions of the FD input. Visibility 
into the timing channel signal HCLK is provided in TEST 
MODES on page 168. 

The HCLK pulses are qualified by signals which are derived 
from the low pass filter output. Two comparators indicate when 
the positive (LP) and negative (LN) extents of the signal Ve, = 
Veap-Vran exceed either the positive threshold (Vyyp) or the 
negative threshold (Vy) level. Independent control of positive 
and negative thresholds is provided with 5-bit DACs ranging 
from 20-80% of Ve,. Vthx=20+1.9xVALUE in percent, where 
VALUE ranges from 1. Once the signal exceeds the level 
threshold, a hi sented to the D-input of the Flip- 
Flop. Whe roo ached, the timing channel clocks a ’1’ 
into te, triggers a one-shot producing the RDS 


-Flop resets on the rising edge of RDS and is 


output. 
cay it e next bit after the one-shot times out. A nominal 
control voltage in order to minimize response time over the cil ui idth of 24 ns is provided at the RDS output. Consecutive 
a 


range of input voltages. When in the PGC mode, the am 
detector, charge pump, and exponentiator are dis a 

gain of the VGA is controlled by the PGC control . The 
VGA has a linear gain versus DAC count rast by 
the following equation: 


Ay, = 2.8(N)+2.4 


where N ranges between 0 and 15 decimal or 0000 to 1111 binary 
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(eq. 191) 


me-polarity pulses are also qualified. RDS polarity information 
is provided with the RPOL output. 
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Programmable Low Pass Filter (LPF) / Equalizer Graph 12 shows the nominal relationship between the BOOST 
The filter is implemented as a 7-pole 0.05 degree linear phase control word and the resulting boost level. 

equiripple low pass filter with matched normal and differentiated 

outputs. The cutoff frequency, boost, and DC group delay 


equalization are programmable. 14, 
The filter supplies normal and differentiated low-pass outputs 42 
with matched group delays. The normal output goes to the AGC 10 
and servo sections. The differentiated output, along with the 
normal output, is used by the level qualifier block to provide data ra 8 
and servo peak position information. The relative gain AOp of To 6 
the differentiated output to the normal output is nearly constant 4 
(at two-thirds the unboosted cutoff frequency) over the range of Q 9 
the cutoff frequency and boost level of the filter. 2 
Cutoff frequency is controlled by the continuous time filter f, 0 


DAC. The control word for the DAC is read from the CTF Data ea Oe IE ee ieee neers ey 

fc register when SG=0; otherwise its read from the CTF Servo BOOST DAC SETTING 

fc register (see Table 218 Serial Register Bit Descriptions). : 

Cutoff frequency (f,), in MHz, is related to the binary control Graph 12 Kien! Boost (i a8) versus BOWST DAL VALUE 


word by the following equation: 
Graph 13 shows the effect of boost on the cutoff frequency. 


C= (0.343 xN)+4.5 (eq. 192) 
where N ranges between 0 and 127 decimal — NORMALIZED 3dB FREQ 

The amount of boost equalization depends on the output of the 4.07 NORMALIZED Peak FREQ 
BOOST DAC. Boost is programmable from 0 to 13dB as 3.5 
measured from the low-frequency gain portion of the frequency 3.0 
domain transfer function to the peak in the transfer function. 25 

Graph 11 shows normalized filter response curves with 
maximum boost for both the normal and differentiated outputs. oN  eceeete eeeecees cecagenet ee 

0 mee 


0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 
DATA BOOST DAC SETTING 


Graph 13 Normalized f, and fpeax versus DATA 


BOOST DAC VALUE 
Setting the desired boost through the boost register (with the 


group delay register set to zero) produces symmetric zeros on 
the real axis. This maintains the constant group delay as in the 
no boost case. The group delay register can be used to produce 
asymmetry in the zeros causing the group delay to vary. This 
can be desirable to compensate for asymmetry in the heads/ 
media components. Group delay can be varied by +30% from 
the symmetric zero (group delay register = 0) condition. The 
boost is held nearly constant as group delay is varied. 


OUTPUT GAIN (dB) 


0 0.67 1.0 2.0 3.0 4.0 
FREQUENCY (normalized to fc unboosted) 


Graph 11 Normal and Differentiated Output Gains 
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Graph 14 shows what happens to the magnitude response as 
the Group Delay register varies over extremes and under 
several boost conditions. 


FILTER GAIN (dB) 


FREQUENCY (Normalized to Unboosted Cutoff) 


Graph 14 Gain Variations with Different Boost 
and Group Delay Settings 


The group delay register is six bits wide in “two’s complement” 
format. A code of +31 corresponds to a DC shift in group delay 
of +30%; a code of -32 corresponds to -30% shift in DC group 
delay. Group delay is expressed as: 


GDpg = 0.95x GDpac 


(eq..19. 
Group delay for an ideal 0.05 degree equiripple fi ct 
within one percent out to twice the unbooste vole cy. 
Because group delay is extremely sensitiv vi 
mismatches and parasitic effects, a “real” | have 
variations of several percent. Group delay flatness is defined as 
the variation about an average value out to the specified 
frequency. The VM65060 group delay flatness is specified to be 
less then +2% out to 1.5 times the unboosted cutoff frequency. 
It is expressed in percent because the group delay is inversely 
related to the unboosted cutoff frequency, and is about 12 ns at 
a cutoff of 48 MHz. Thus at this cutoff frequency, the group delay 
varies by less than 0.18 ns out to 72 MHz. 

The absolute group delay through the Gain Control block and 
the filter consists of both a fixed delay and a delay that varies 
inversely with cutoff frequency. The group delay (Tgp), in 
nanoseconds, is expressed below as a function of the cutoff 
frequency in MHz. 


(eq. 194) 


7 E + ni 
GD fe 


3-134 


990812 


VTC Inc., 2800 East Old Shakopee Road, Bloomington, MN 55425, 612-853-5100 


x 


ane VM65060 "Op" 


FIR Filter Equalizer 

The FIR is a seven (7) tap transversal filter with independently-controllable tap weights. Independent control provides both gain and 
phase adjustment of the input signal. The following plot illustrates the possible gain variations achievable when symmetric taps are 
swept together over the allowable ranges, as listed in Table 209. 
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Graph 15 Symmetric Tap, frequency response curves 
The Hg term provides only a real valued response equal to the center tap gain. The gain response also includes finite bandwidth 


characteristics of the sampler. The sampler BW is about 250 MHz and will have some effect on the frequency characteristics. The 
ideal gain limits for the taps are shown below. 


Table 209FIR Tap Gain settings 


Tap Kz Ko K4 Ko K, Kp Ks 
Gain Range -0.078 —0.312 —0.9375 +1.09 —0.9375 -0.312 -0.078 
+0.068 +0.293 +0.293 +1.70 +0.293 +0.293 +0.068 
Actual bits 4 5 6 5 6 5 4 
Eff. bits 8 7 7 7 rf re 8 
Resolution 9.78 mV/V (1/64) X 1.25 = 19.56 mV/V 9.78 mV/V 
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FIR Adaptation Circuit 
Normal Operation 


The adaption process starts after RG has been asserted and the internal delayed read gate RGDP has become active. It should be 
noted that since the part is accessing the serial registers during adaption, the user should NOT attempt any serial register operation 


while 


RG is asserted and the AE bit is set. 


Parameter Descriptions 


Tap weights can be written and read by the controller. 


Adaptation Control Test “ACTST” 

These bits allow the basic verification of the Adaptation Control logic. 

Adaptation Enable “AE” 

This bit controls whether adaptation is to be performed. It cannot be modified during an adaptation read cycle. 

Dead Zone “DZ” 

This two-bit control specifies how many update samples are required in either direction to cause adaptation in that direction. The 
value sets the threshold in a symmetrical manner. 

Integration Length “INTL” 

This two-bit control selects the number of samples to average for each update cycle (12, 15, 18, or 21) 

Initial Tap Weight “ITW” 

This value selects which tap to adapt first. 

No Sync Byte “NOSB” 

This feature causes adaptation to occur at the point where the timing recovery circuit makes the transition from acquisition to 
tracking modes. This occurs during the VCO sync field even before the sync bytes. 

This option may be useful during initial drive optimization and data recovery modes. 


Tap Weight Range “TWR” 
This value sets the number of taps that are adjusted. If all six taps are to va value should be set to “O”. By setting 
ta 


this value to “1” through “5” a reduced range of taps will be adjusted. The ta t adjusted are still active but are held 
at their preprogrammed values. 


Symmetry control “SYMC” 
This two-bit control selects which sets of taps should be (oh metrical manner. 


| tap weight values can be preset near their optimal values and 


read cycles. 


Pro 


3-136 


the final values can be read back after each ha The final taps weights remain as the initial tap weights for subsequent 


per selection of DZ and INTL can all daptation or for slow highly-stable tracking of system changes. 
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Viterbei Detector 
The Viterbi detector implements the maximum likelihood (ML) detector for PRML. The Viterbi detector block diagram is shown in 


Figure 168. 
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Figure 168 Viterbi Detector Block Diagram A 
Note that all signals are differential. The incoming signal (from the FIR filter via the timing recovery block) has been demultiplexed 


into the odd and even interleaves on a bit-by-bit basis. This is shown in the dia s the odd interleave signal and the even interleave 


signal. Each interleave of the Viterbi detector runs at 1/2 the channel data rat e that the odd and even interleaves of the Viterbi 
h ave independently processes its data stream. The data 
t 


detector are clocked on opposite phases of the full rate data clo 
streams from the odd and even interleaves are then multiplexe bac ogether on a bit-by-bit basis to yield the recovered bit stream. 
The nominal Viterbi threshold window size is set by a 7 his controlled by the Viterbi DAC serial control register. Positive 


and negative thresholds in the Viterbi detector ar: ifi ed on the received data. 

The dynamic thresholds in the Viterbi det f to reject pulses of the same polarity as the most recent pulse, but of lesser 
amplitude. If a pulse of the same polarity ashe mo ecent pulse exceeds the amplitude of the previous pulse, the 1 associated with 
the previous pulse (which is of lesser ampli s erased in the Viterbi detector’s path memory. The path memory only has the ability 


to erase these smaller pulses if four or fewer zeroes have occurred between the two pulses of the same polarity. This requirement is 
satisfied by the (0,4,4) encoding that is used with this part. 

The AGC circuit adjusts the signal amplitude to +250 mV peak. Side sampling for PR4 produces a nominal sampled-signal amplitude 
of +180 mV. This is a pseudo-ternary signal with the +1 levels equal to +180 mV and the zero level equal to 0 mV. Thus, the Viterbi 
threshold, VIT7y, is nominally set to 180 mV. Since the data is pseudo-ternary, the nominal Viterbi threshold window size is 2eVIT yy. 


ee) |mv 


127 (eq. 195) 


VIT zy = [0.047 + 0.376( 


where VALUE is between 0 and 127, inclusive 
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Figure 169 shows a block diagram of a Viterbi detector interleave. 
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Figure 169 Viterbi Interleave Block Diagram 


The summing blocks, Sum0 and Sum1, each form two signals that are fed to the 
incoming data stream and the difference metric are used by Sum0 and Sum sans 


metric (which is fed back to the Sum0 and Sum1 blocks) and the two data s 
these two data streams from the metric calculation block represents 1’s that c' 
other data stream represents 1’s due to the negative pulses in T os 
intervening 1 in the other data stream results in the rn sl 
of the two data streams is a 1. Decoding of the tern 
decodes to a 0. This decoding action can re. tho 


990812 


DATA OUT 


e. block. Opposite polarities of the 
c calculation block outputs the difference 


that are used by the path memory block. One of 
rom positive pulses in the ternary data signal. The 
stream. Two 1’s in one of the data streams without an 
a» e first of these two consecutive 1’s. A 0 results when neither 
iitiorvard a positive or negative pulse results in a 1; no pulse 
nal st he precoding function. 
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Frequency Synthesizer 

The Frequency Synthesizer (FS) is a PLL-based circuit that provides a programmable reference frequency for constant density 
recording applications. The frequency synthesizer output frequency can be programmed with a better than 1% accuracy via the M,N 
(“divide by”) and DR (Data Rate) Registers. The synthesizer output frequency, Foy;, should be programmed as close as possible to 
((9/8)*User Data Rate). The synthesizer also supplies the timing reference for write precompensation so that the precompensation 
tracks the VCO period. 

The frequency synthesizer requires an external passive loop filter to control its PLL locking characteristics. This filter is pseudo- 
differential and balanced in order to reduce the effects of common mode noise. 

In Write and Idle modes, the programmable frequency synthesizer is used to provide a stable reference frequency to the timing 
recovery loop. In the Write and Idle modes, the frequency synthesizer output, when selected by the Control Test Mode Register, can 
be monitored at the TP3 test pin. In the Read mode, the FS output should not be selected for output on the test pins so that the 
possibility of jitter in the timing recovery PLL is minimized. 

The synthesizer output frequency is programmed using the M and N registers of the frequency synthesizer via the serial port, and 
is related to the external reference clock input, FREF, as follows: 


f 


(M+ 1) 
out = trener| ON al eae) 


The M and N values should be chosen with the consideration of phase detector update rate and the external passive loop filter 
design. The Data Rate Register must be set to the correct VCO center frequency. 

The DR register value directly affects the following: 

* Center frequency of the frequency synthesizer VCO 

* Center frequency of the timing recovery VCO 

* Phase detector gain of the frequency synthesizer phase detector 

« Write precompensation 


The reference current for the DR DAC is set by an external resistor, RR, connect we GND and RR pins. The VCO center 
frequency, f,, and the charge pump current, Igp, are given by the equations be R is the resistance of the external resistor in Ohms, 
X is the decimal equivalent of the DR Register bits and Kyco (rad/Ves) is the ain. 

5292 
fo = (Be Hz (eq. 197) 
fe) 6 Xfo  MHz/V (eq. 198) 


, 370 
i. an )x (102.8) WA (eq. 199) 
Timing Recovery 


The data synchronizer uses a fully integrated, fast acquisition, PLL to perform clock recovery from the incoming data stream. 

Fast acquisition is obtained by locking the loop to the synthesizer during Write, Servo & Idle modes which minimizes the frequency 
transient that occurs when the Read mode is initiated. Thus the timing recovery PLL uses two separate phase detectors to drive the 
loop. A Decision-directed Phase Detector (DDPD) is used in the Read mode and phase-frequency detector (PFD) is used in the Write, 
Servo, and Idle modes. 

The Read mode is initiated by performing a zero phase restart of the VCO, which will force a phase alignment to the incoming 2T 
(1/4 data-rate) clock pattern. The samples taken immediately after the restart will be used by the DDPD to “coarse adjust” the VCO. 
After the sync field count has reached the programmed count (AGC + PLL offset), as shown in Figure 167, the PLL will be switched 
to tracking mode which reduces the loop bandwidth (BW) by a factor of 3.16 or 4 depending on the register settings. In the tracking 
mode the input to the DDPD is taken from the output of the FIR filter. 
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Timing Recovery Operation 

In Write or Idle mode, active when the RG (read gate) line is low, the mux selects the PFD as the input to the Q-pump and P-mult 
circuits. The two signal paths provide Proportional and Integral error terms to the VCO input. The benefit of this architecture is 
independent control of the loop parameters BW (bandwidth) and ¢ (damping factor) via the control registers. The proportional term is 
controlled by the Damping Ratio DAC and the integral term is controlled by the Data Rate (DR) DAC. The VCO center frequency is 
set by the DR DAC; as the rate is increased the VCO gain must increase in order to maintain a constant locking range. The damping 
factor remains constant as the loop BW is changed. The net result of the loop is that it will settle in a constant number of clock cycles 
independent of the clock period. 

The Read mode is initiated by a positive transition on the “RG” line as shown in Figure 170. 


Threshold Level 


2T 
LP filter 
Output 


RG(int) _| 


Zero Phase 


Re-start | : 

Clock ! ! i na itu 

pump LILI ov 2 | 
| S~. 


MODE ide \ZPR iQ Acquisition K Tracking 


Figure 170 Timing Recovery Operation 


Sync field 
Count (AGC/PLL) 


The VCO is held in a low output state when the 2T input signal crosses the threshold set by the Zero Phase Restart DAC. The second 
time the threshold is crossed the VCO restarts. The threshold is set to align the VCO to the ideal PR4 sample phase of I1/4, which is 
0.71 times the AGC’s analog servo voltage Vy. The analog and digital delays in the samplers and the VCO require a slight variation 
of that sample threshold so a multiplying DAC is used to obtain the optimal set point. Once the VCO restarts, the DDPD output is used 
as the phase error to drive the PLL. The initial gain will be high to minimize the acquisition time and the computation of the phase error 
is done with a robust technique which prevents any false lock-up modes. After the sync field count has been reached the error 
detection mode will be changed to allow for three valid signal levels (only two are used in Acquisition) and the gains are reduced to 
reduce jitter. Since the AGC gain control is independent the timing control it can be switched at any point after the FIR has taken 7 
samples (7-tap filter) and is switched slightly before the timing transition from Acquisition to Tracking. If the DSP mode is in progress 
this transition will enable the detection of the sync byte. 
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Write Precompensation 

The write precompensation circuitry is provided to compensate for media bit shift caused by magnetic nonlinearities. The circuit 
recognizes six specific write data patterns of 4 channel bit lengths and can add delay in the transition of write data bits to counteract 
the magnetic non-linearity effect. The magnitude of the time shift is programmable via a Register and is made proportional to the 
frequency synthesizer’s VCO period (i.e. data rate). Since the WPC operation is performed prior to the final T-FF (which is part of the 
precoding function) only three distinct patterns are decoded. Each of these three patterns may be independently programmed. The 
precoding operation is included with the WPC circuitry. 


Each DAC allows write precompensation delay (Twpc) values to be programmed from 0 to 0.20T with 1.25% resolution as shown in 
the following equations. 


Twpc(Pattern1, 3) = (0.013 e Kwp + 0.20 e WPCHR) e T (eq. 200) 


Twpc(Pattern2) = (0.013 e Kwp)e T (eq. 201) 
where T is the period of the VCO, in nano-seconds, and Kwp is the value of the 4-bit DAC word for any of the three patterns 


WPCHR is an independently-programmable bit which allows an addition 20% precompensation for patterns 1 and 3. By setting this 
bit high, patterns 1 and 3 will have a range from 20 to 40 percent of the VCO period. WPCHR does not affect pattern 2. If no 
compensation is desired for any of the three patterns, then that particular DAC word may be set to 0. 

The precoder and all internal states in the WPC get reset with the de-assertion of write gate (WG) so that the write path is always in 
the same state upon assertion of WG. This also prevents any false data from being sent to the preamp during non-write modes. 


Pattern Data Pattern Write Data Pattern 
0010/1101 © 
0110/1001 A 
0101/1010 Ve 


WDSEL(1:0) 


D Q 
SWDPIN _—) > Da WPC 
Cc QB — 
SWCP/N Delay 7 oe MUX WDP/N 
R 
Pattern | ONE 
Decode SHOT 
R 
FDSP/N——— 


WPC DACs >— 


WPCHR 


Figure 171 WPC/Precoder Block Diagram 
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Servo Demodulator 

The embedded servo demodulator processor extracts the head position error information from the embedded servo bursts using an 
area detection technique. It supports full quadrature demodulation through the use of an array of four area detector channels. The area 
detection technique provides improved noise immunity over peak detection. A block diagram for the servo demodulator is shown in 


Figure 172. 
SBA 
GAIN 
DAG 
4 bits 
SBB 
FDP—#1. 
EDN-» VGA/Gm 
SBC 
SBD 
pa rw SVRF LSeV) @ SREF 
A 
= 
ox SRST@ a 4 
a5 DEMOD@ 
Q n . a “a yr 
= ra) Figure 172 Servo Demodulator Block Diagram 
nz 
= The demodulator contains a variable gain amplifier, rectifier, Cpr: detectors and required timing logic. The differentiated 
filtered servo bursts are input to a variable gain eel ¢€}:* allows the demodulator block to accommodate a wide 
dynamic range of servo burst amplitudes and pro s 5 of the internal integration capacitors and resistors. The gain range 
of the VGA is 40% in steps of 5%, as defined in eae in control register. The amplified signal is full-wave rectified and input to 
an array of four area detectors. The area d meson of a gm stage driving an on-chip integration capacitor. Note that the 30% 
tolerance of the on-chip capacitors and g can be calibrated by adjusting the gain of the VGA. 
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Each area detector is selectively enabled when the DEMOD control input goes high and integrates the pulse voltage amplitude of 
the servo burst. After the burst pulses have been integrated, the DEMOD signal is brought low, the area detector is disabled and the 
final integrated voltage is held. Consecutive cycles of the DEMOD pin cause the A, B, C, and D area detectors to sample the input 
waveform. Upon the low level of SRST, the servo burst outputs are reset to the SREF voltage. 


<acAGGiawe Gray code > A burst > B burst > C burst > D burst > 


DEMOD | \ | \ | \ | \ 


SRST \ | 
LOWZ(int) / \ / 
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Figure 173 Servo Timing Diagram 
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Digital Back End 

The VM65060’s digital back end section consists of the following blocks: byte-wide (eight bit) parallel data interface, nibble-wide (four 
bit) parallel data interface, 8-bit wide scrambler/descrambler with PRNG, 8/9 (0, 4, 4) encoder/decoder, parallel/serial circuitry, sync 
byte circuitry, channel clock divider and mode control circuitry. These blocks are described below. 


8-bit (Byte-Wide) Bidirectional NRZ Interface 

The 8-bit NRZ interface is a set of eight bidirectional pins that provide the ability to interface with a byte-wide disk controller. Each 
pin has a TTL level input detector and a tristate TTL level output driver. The input detector is disabled during sleep mode. The output 
driver is put into high impedance when not driving the NRZ line. These pins, when not driving data out of the digital back end, must be 
driven by external sources (as all CMOS inputs). 

In write mode, the NRZ data can be latched-in on the rising edge of WCLK or either edge of RCLK. The setting of two control register 
bits determines the configuration. The length of the VCO Sync Field is user-determined. Internal circuitry ignores the first two NRZ 
bytes, assuming them to be zero. This allows for a possible late driving of the NRZ bus with respect to the rising edge of WG. The end 
of the VCO Sync Field, and the start of the SYNC Byte section, is determined by the first non-zero byte strobed into the VM65060. 
NRZ[8] through NRZ[5] are used for non-zero detection. NRZ[4] through NRZ[1] are not monitored by the non-zero detector circuitry. 
Thus the MSB half of the first SYNC Byte must be non-zero, while the LSB half can be all zero. 

In read mode, the NRZ data is driven out on the falling edge of RCLK. When RG goes high, the NRZ interface will drive low until 
either SYNC byte has been detected. The first non-zero data driven out on the NRZ pins will be either the first User Data word or else 
the SYNC Byte pattern. The user has the option to precede the User Data with the SYNC Byte pattern. 


4-bit (Nibble-Wide) Bidirectional NRZ Interface 
The operation of the 4-bit NRZ interface is similar to that of the 8-bit interface. The main difference being that only the pins NRZ[4] 


through NRZ[1] are used, with NRZ[8] through NRZ[5] being tied-off by the user. Eight-bit words are still used but they are broken into 
two 4-bit nibbles. The first nibble is the MSB half and the second nibble is the LSB half. Within the VM65060 the two 4-bit halves are 
concatenated into a full 8-bit word. During nibble operations the RCLK is run at twice the frequency as the internal byte clock, thus 
maintaining equivalent byte speed operation. ae 


8-bit wide Scrambler / Descrambler, with PRNG 
The Scrambler and Descrambler circuits, which are used to randomize us ae each bit of an 8-bit Pseudo Random 
Number (PRN) to each bit of the 8-bit user data. The half-adding is So raat 3 use of eight XNOR gates. The same PRN is half- 
added during write and again during read, resulting in the original g returned. The PRN comes from a shared Pseudo 
Random Number Generator (PRNG) which itself is based upo re 1 polynomial. 
At the beginning of write mode the PRNG is initialized rd PRNG then generates a PRN of continuous 00, until it is set 
e 


with the FFy seed. This continuous 00, PRN in turn.allo scrambler to act as inverting buffers on the NRZ’s VCO Sync Field 
during write mode. This causes the continuous 0 cted on the NRZ inputs to be inverted into continuous FF, before 
entering the Encoder. At the end of the sare he PRNG is set to all 1’s. This allows for a maximum run length PRN pattern 
as well as allowing the scrambler to act as nverting buffer on the NRZ’s SYNC Bytes and Spacer byte. At the end of the three 
Sync Byte cycles, the PRNG is enabled into a free-running condition where PRN’s are generated and half-added to the User Data until 
the end of the write mode. 

At the beginning of read mode the PRNG is initialized to all 1’s. Following the successful detection of a Sync Byte, the PRNG is 
enabled into a free-running condition where PRN’s are generated and half-added to the User Data before being passing on to the NRZ 
output drivers until the end of the read mode. 

During Idle, Sleep, or Direct Test modes the PRNG’s clock is disabled to save power. During normal Write or Read modes the 
PRNG’s clock is enabled. The user has the option to not scramble and descramble the User Data by not generating PRN’s with the 
PRNG. When this option is chosen, the PRNG remains set at all 1’s throughout the User Data fields, and the scrambler and 
descrambler circuitries simply buffer the User Data in both the write path and the read path. 


8/9 (0, 4, 4) Encoder / Decoder 

In order to provide for proper partial response maximum likelihood (PRML) signaling and detection in the recording channel, a run 
length limited (RLL) code of parameters (0, 4, 4) is being provided. As 8-bit data words are being provided for recording, the simplest 
(0, 4, 4) RLL code for 8-bit words is to use a set of qualified 9-bit code words. There are 279 qualified 9-bit code words, out of the 
possible 512 9-bit words. Only 256 of these are required to encode the 8-bit data word. This is known as an 8/9 code. The code word 
to data word assignments have been made to minimize both logic delay and chip area. Circuitry has been designed to provide for both 
encoding and decoding the 8-bit data words. 

Table 210 and Table 211 show the relationships between the 8-bit data words (shown in hexadecimal notation) and the 9-bit code 
words (shown in octal notation) incorporated in the encoder circuitry. Unused or invalid codewords are not shown. 
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Table 2108-bit Data Word (hexadecimal) and 9-bit Code Word (octal) 
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Table 2119-bit Code Word (octal) and 8-bit Data Word (hexadecimal) 
CODE : DATA 
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279 of 512 9-bit words meet the (0, 4, 4) RLL requirement. Of these, only 256 are needed to encode the 256 8-bit data words. 
Therefore many breaks occur in the codeword sequence of Table 216. 
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The 256 codewords that are utilized (out of the 279 valid codewords) were chosen so as to be able to realize encoder and decoder 


logic circuitry in the simplest and fastest means possible. A maximum of five gate delays through the encoder and through the decoder 
have been realized. 


Valid codewords do not allow for runs of more than four zeros in either the data sequence, or in either the even indexed or odd 
indexed interleaves. Codewords that have zero pairs at either end, in either the main sequence or in either of the interleaves are 
allowed. Therefore, codewords with zero triplets at either end of any sequence are invalid. 

Invalid codeword configurations are identified below. 


Table 212Invalid Codeword Configurations 


000 XXX XXXp XX0 000 OXXpg XXX XXX 000g 
OXXo 6039 XX09 

0X0 XOX XXXp XXX XOX OX0p 
20X9 ~—s- 24Xq X0295— X42q 
21Xq —-25Xo X1295 -X52g 
XOX 0X0 XXXp XXX 0X0 XOXp 
10Xq — 42Xo XOig- -X2i, 


12Xq  50X X049_ X24 
40X9 «5 2Xo X059— X25p a 4 


Invalid cases are shown in Table 216. A total of 233 9-bit words NS 
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Table 213Unused and Invalid 9-bit Word (octal) 8-bit Word (hexadecimal) 


CODE : DATA : CODE : DATA CODE : DATA 
: i : 460_: 90 
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Parallel-to-Serial and Serial-to-Parallel Converters 

One of the main features of the digital back end is the conversion of 8-bit parallel NRZ data into a high speed serial bit stream, and 
the conversion of high speed serial data back to 8-bit parallel NRZ data. In write operations a 9-bit word is loaded in parallel onto the 
high speed serial write data bit stream every ninth channel clock cycle (every eighth in direct test) and then shifted out to the analog 
front end. And in read operations nine bits of the high speed read data bit stream are captured in parallel every ninth channel clock 
cycle (every eighth in direct test) and then passed toward the NRZ pins. 

The coordination of these transfers is timing critical. In write operations, the transfer takes place as a parallel load of a serial shift 
register for a single channel clock cycle during the second half of the internal NRZ write clock period. This allows the parallel data 
plenty of time to have settled prior to its parallel loading into the serial shift register of the high speed write data bit stream. 

In read operations, the transfer only takes place following a successful SYNC Byte word detection so that the RCLK will have been 
synchronized with the user data word boundaries. Once synchronization of the clock has been achieved, the user data is captured in 
9-bit segments once every ninth cycle and made available to the decoder, descrambler, and NRZ output pins. In direct test the user 
data is captured in 8-bit segments once every eighth cycle and bypasses the decoder and descrambler on its way to the NRZ output 
pins. 


SYNC Byte Detector, Programmable 
Detection of a SYNC Byte word in read mode is used to set the framing of the user data field into user data words that can then be 


passed on to the disk controller. The VCO Sync field, which precedes the SYNC Byte words, is searched at the beginning of read 
mode by the SYNC Byte detector circuitry. It is looking for either of the two SYNC Byte words to come along in the serial data stream 
so that the proper data word framing, or boundaries, can be determined and set. 

In normal operation, the SYNC Byte words are two 9-bit words separated by a 9-bit spacer word, while in direct test operation they 
are the combination of 8-bit SYNC Byte words and the last bit of the VCO Sync Field, ‘1’, for SB1 and the last bit of the 8-bit spacer 
word, ‘0’, for SB2. In order to detect the SYNC Byte words, the detector circuitry must be informed for which pattern to search. The 
9-bit SYNC Byte pattern for which to search is stored in the control register. This pattern is for the second SYNC Byte word, SB2, while 
the pattern for SB1 is the bit by bit inverse of SB2. 


The SYNC Byte detector circuitry consists of a bank of nine XNOR/XOR Cctecicou rogates a single bit of the serial bit 
stream, resulting in a string of nine bits being checked in parallel. Each bit is au spect to the corresponding bit stored in 
the control register. If all nine serial stream bits mismatch their corresponding rn, XNOR’s => 1, and SB1 is said to be found. 
If all nine bits are matched, XOR’s => 0, and SB2 is said to be ehozion 

Upon detecting either SB1 or SB2 in the serial bit stream, a sy signal is passed on to the channel clock divider circuitry 
so that the divided clock can be adjusted for framing the us ret oundaries. Also, a blocking signal is set that stops the detector 
circuitry from continuing to search for and detecting oe ns that also match the SYNC Byte patterns. In addition, a SYNC 


Byte Flag is set and eventually driven out on the 

If the SYNC Byte detector circuitry fails to detec ) Mic Byte pattern as it passes through in the serial data stream, possibly 
due to a corrupted bit stream, the search alone continue until the end of the read mode during which a possible false detection 
of user data patterns as the SYNC Byte wo ight occur. Acknowledging the failure to detect the SYNC Byte during the proper 
portion of the Read Mode is left up to the Controller chip. 

The user has the option of requiring patterns SB1 and SB2 to both be detected prior to the passing of user data words on to the disk 
controller. In this way the user can configure tighter error tolerances during the SYNC Byte zone by requiring that both SYNC Bytes 
must be error free, rather than just one. 

As there is a relationship between SB1 and SB2, they must be coordinated when chosen and written. Two tables have been include 
here to aid in determining pairs of SYNC Bytes. 

Table 214 lists the 110 possible SYNC Byte pairs that can be used in 8/9 encoded normal modes. These all have SB1 and SB2 that 
are the bit-by-bit inverses of each other. SB1’s that have NRZ[8:5]= 0 are excluded from this list as they would not be detected properly 
by the non-zero detector in the write path. 
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Table 214SYNC Byte Paris for 9/9 (0, 4, 4) Normal 


SB1 SB2 SB1 SB2 
Binary Binary Binary Binary 
OOTOTTITO OTTTTOOTT 


TTOTOOUOT TOOUOTTOU 
110100100 001011011 011110100 100001011 
110100101 001011010 011110110 100001001 
110001001 001110110 011100011 100011100 
110001011 001110100 100101001 011010110 
110001100 001110011 100100001 011011110 
110001101 001110010 100101100 011010011 
110001110 001110001 100101101 011010010 
001101001 110010110 100100100 011011011 
001100001 110011110 100100101 011011010 
001101100 110010011 100011001 011100110 
001101101 110010010 100011010 011100101 
001100100 110011011 100011011 011100100 
001100101 110011010 100011100 011100011 
001011001 110100110 100011110 011100001 
001011010 110100101 100100110 011011001 
001011011 110100100 100110001 011001110 
001011100 110100011 100110010 011001101 
001011110 110100001 100110011 011001100 
001100110 110011001 100110100 011001011 
001110001 110001110 100110110 011001001 
001110010 110001101 100100011 011011100 
001110011 110001100 101101001 010010110 
001110100 110001011 101100001 010011110 
001110110 110001001 101101100 010010011 
001100011 110011100 101101101 010010010 
010010010 101101101 101100100 010011011 
010010011 101101100 101100101 010011010 
010010110 101101001 101100110 010011001 
010011001 101100110 101100011 010011100 
010011010 101100101 1000011 011110001 
010011011 101100100 11110110 
010011100 101100011 1101101 
010011110 101100001 001101100 
010110001 101001110 E 011110011 
010110010 101001101 011110010 
010110011 101001100 E 0010110 001101001 
010110100 101001011 E 100001011 011110100 
010110110 101001001 E 110011001 001100110 
001001110 110110001 110011010 001100101 
001001001 110110110 110011011 001100100 
011010010 100101101 110011100 001100011 
011010011 100101100 110011110 001100001 
001001100 1101100 110100110 001011001 
001001101 11011001 110110001 001001110 
011010110 1 10 110110010 001001101 
001001011 0 110110011 001001100 
011011001 0 110110100 001001011 
011011010 1 101 110110110 001001001 
011011011 100100100 110100011 001011100 
011011100 100100011 E 101001110 010110001 
011011110 100100001 E 101001001 010110110 
011100110 100011001 101001100 010110011 
011110001 100001110 E 101001101 010110010 
011110010 100001101 E 101001011 010110100 
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Table 215 shows the 239 possible SYNC Byte pairs that can be used in 8/8 nonencoded direct test modes. 
Table 215SYNC Byte Paris for Direct Test (8-bit) 


x 
co) 
x 
x 
@ 
x 


roe RELESRESEESERH 


mm 
mT 


AnoHwPSRKSHEBREE 


j00010000 41101111 
)00010001 11101110 
)00010010 11101101 
)00010011 11101100 
)00010100 11101011 
)00010101 11101010 
)00010110 11101001 
yo0010111 11101000 
)00011000 11100111 
)00011001 11100110 
)00011010 11100101 
)00011011 11100100 
)00011100 11100011 
)00011101 11100010 
)00011110 11100001 
)00011111 11100000 
)00100000 
)00100001 


)11101110 
111011 0 

111100 00001111 
00001110 
00001101 
00001100 
00001011 
00001010 
00001001 
00001000 
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( 
00 | ( 
14110101 | ( 
11110110 | ( 
14140111 | ( 
14111001 
14111010 
14111011 


00000110 
11111100 
( 


00000101 
00000100 
00000011 
00000010 
00000001 


11111101 
11111110 


) 
0) 
0) 
0) 
0) 
0) 

11111000 ae 
0) 
0) 
0) 
0) 
0) 


These also have SB1 and SB2 that are the bit-by-bit inverses of each other; SB1’s that have NRZ[8:5]= 0, along with the indiscernible 
case ofall 1’s and all 0’s, have been crossed out in the table. The MSB 9"" bits of both SB1 and SB2 are shown in parentheses to 
shown that for SB1 a ‘1’ is added from the VCO Sync field, and for SB2 a ‘0’ is added from the Spacer word. In both tables it is the 9- 
bit binary SB2 that must be stored in the control register. 

It should be noted that the Spacer word plays a more important role than simply separating SB1 and SB2. Although it separates the 
two sync bytes so that a bit error late in SB1 does not also corrupt SB2 (resulting in failure to synchronize), it performs an additional 
function. The LSB of the Spacer word completes the SB2 pattern (which here must be a ‘0’), as seen in the non-encoded direct test 
case. 

In addition, care must be taken in selecting a Spacer word that coordinates with the SB1 and SB2 patterns so as to not allow a false 
detection of SB2. 
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The following example illustrates how an unfortunate choice of SB1, Spacer, and SB2 words can lead to problems. SB2 was chosen 
to be 24,, which means (per Table 214) that SB1 would then be C3,. A Spacer word of 8B,, was also chosen. How these three words 
combine into a serial bit stream is shown below. 


as Written: VCO SB1 Spacer SB2 
C3, = 8B, = 24, = 
110010011, 100011011, 001101100, 
>| ———_—_—_————_>| 
serial stream YUM 
~ > >| 
as Detected: true SB1 false SB2 


The problem with this combination of choices is that it results in the SB2 bit patterns showing up more than once in the bit stream. 
An additional, and false, SB2 is noted below the bit stream, due to the combination of the Spacer and the SB2 words. If a bit error were 
to foul SB1, or if the user chose to require both SYNC Bytes, then the false SB2 would be detected resulting in an incorrect clock 
synchronization and data word framing. 

This illustrates that a user must study his choice of SB1, Spacer, and SB2 words and examine their resultant serial bit stream, 
checking for possible false or alias patterns. This is equally true for 8/9 encoded normal mode and for 8/8 non-encoded direct test 
mode, where the use of the last VCO ‘1’ and last Spacer bit ‘0’ are used to complete the SB1 and SB2 patterns. 

The user also has the option to forego SYNC Byte detection and framing altogether. In this option the serial bit stream is not searched 
for the SB1 and SB2 patterns, the RCLK is not synchronized to anything, and the serial bit stream is simply captured in sequential 
eight bit sections and passed out to the NRZ pins. This is intended as a ‘last resort’ option when the serial bit stream is so corrupted 


that SYNC Byte words can not be detected for use in framing. 
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Channel Clock Divider 

The base (or channel rate) clock for the digital back end write or read operations comes from the frequency synthesizer (or timing 
recovery) in the analog front end. The maximum frequency for this clock is beyond 202.5MHz (which is 9/8 x 180Mbit/sec, where 
180Mbit/sec is the NRZ bit rate or frequency). This same clock is echoed by the digital back end during write mode operations as the 
serial write clock to strobe serial write data out of the digital back end and into the analog front end. 

The minimum pulse width (high or low) for RCLK in byte mode is four channel-rate clock periods, regardless of whether the chip is 
in normal operational mode or direct test mode, or whether RCLK is free-running or synchronizing up to the SYNC Byte words. In Direct 
Test (+ 8) both high and low pulses of RCLK are four channel-rate clock periods. In normal operation (+ 9) the high pulse remains at 
four while the low pulse is expanded out to five channel rate clock periods. 

For nibble mode, the minimum pulse width (high or low) for RCLK in byte mode is two channel-rate clock periods. This, too, is 
regardless of whether the chip is in normal operational mode or direct test mode, or whether RCLK is free-running or synchronizing 
up to the SYNC Byte words. In Direct Test both high and low pulses of RCLK are two channel-rate clock periods. In normal operation 
the low pulses remain at two while the high pulses alternate between two and three channel-rate clock periods. Thus the normal nibble 
clock period alternates between four and five channel clock periods just as the normal byte clock pulses alternate between four high 
and five low. 

The NRZ read clock, RCLK, is used to strobe parallel NRZ data out of the VM65060 to the disk controller on the falling edge. This 
same clock is used to strobe parallel NRZ data into the VM65060. Either edge of the RCLK output can be selected and used to 
accommodate for phase delays either in the controller chip or in the NRZ interconnect lines. Also, an ‘echo’ of the RCLK output, 
supplied back to the WCLK input, can be used to strobe NRZ data in using the WCLK input’s rising edge. 

When synchronization occurs at a SYNC Byte word, either the low or the high pulse of one RCLK period is expanded per the figures 
below. Short pulse glitches during synchronization are thus not allowed to happen. 


Serial SBI Spacer SB2 DATA & DATA 
Data j 
detect \ | 
- J y Resync’d 

£0 po | a 
| i aa 2 
+2 | Cee 
+3 | aa a 


7 + | 9 
+5 | 4 | 10 

| 

| 


+6 


+7 


+8 4 | 13 


JJ dd Ed 


NRZ SB2 DATA 


Figure 174 RCLK Synchronization Cases (Byte-Wide) 
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Figure 175 RCLK Synchronizatio s (Nibble-Wide) 
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The channel clock divider circuitry consists of a 4-bit counter that rolls over after either eight or nine clock cycles, depending on the 
setting of the DT bit in the serial control register. The rollover, or clearing, of the counter is based on the established count length or 
on the detection of a SYNC Byte word. When a SYNC Byte word is detected, the counter is cleared regardless of where it is in the 
count. The RCLK is created through the use of a synchronous set/reset flip flop with setting and resetting based on various decoded 
count values of the counter. The use of this flip flop eliminates any clock glitches during synchronization. The clearing of the counter 
due to the detection of a SYNC Byte words may cause either a second reset to follow an earlier reset resulting in an extended low 
pulse, or a second set to follow an earlier set resulting in an extended high pulse. There is no case where either pulse would be 
shortened due to synchronization. 

The clock divider circuitry also creates the pulses used to control the parallel-to-serial and the serial-to-parallel transfers of data. 
These pulses are framed up with the incoming NRZ data words (with the first non-zero word) for write operations, and with the SYNC 
byte words for read operations. 


WCLK Input 

The WCLK input provides an optional input strobe for parallel NRZ data being written into the digital back end. The rising edge of 
this input is used as the strobing edge. The Control Register bit EXT is used to select the WCLK option. The signal sent to the WCLK 
input must be a copy, or echo, of the RCLK output. An externally-generated signal replicating the RCLK frequency is not acceptable. 
The RCLK output itself may be tied back into the WCLK input, but a more common practice is for the RCLK output to drive into a 
controller chip, used there to strobe out NRZ data; the controller then “turns around” the received RCLK and sends it back to the 
VM65060, along with the NRZ data, as the WCLK signal. 


Initialize Clock Maker (ICM) Input 

In order to synchronize testing of the digital back end, the Clock Divider circuitry needs to be initialized to a known starting point and 
then released. 

The Control Register bit VTC2 can be used for this purpose. but this requires writing the bit twice. An alternate method is provided 
via the ICM input pin. A ‘1’ on ICM initializes the clock divider, and a falling edge releases it to respond to serial clock pulses. Note that 
the bit VTC2 and the pin ICM must both be low for normal operation of the VM65060. 
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MODE CONTROLLER AND SEQUENCE CONTROLLERS 

Four signal pins and three control register bits guide and determine the main operations of the digital back end. The pins are Servo 
Gate (SG), Read Gate (RG), Write Gate (WG), and Power Down (PD). The control register bits are Direct Test Mode (DTM), No 
Scramble (NOPR), and Sleep (SLEEP). 


SG=X RG=X WG=X PD=X SLEEP bit =1 
¢ Power Down Mode [PDM] 
* — CML logic off 
* NRZ, SG, RG, WG inputs disabled 
« NRZ outputs tristated 
= Can exit this PDM only by changing SLEEP bit to ‘0’. 
This should be done with SG=0, RG=0, & WG=0, i.e. into Idle Mode 


SG=X RG=X WG=X _ PD=1 SLEEP bit =0 
¢ Power Down Mode [PDM] 
* CML logic off 
* NRZ, SG, RG, WG inputs disabled 
« NRZ outputs tristated 
= Should exit PDM only with SG=0, RG=0, & WG=0, i.e. into Idle Mode 


SG=0 RG=0 WG=0 PD=0 SLEEP bit =0 
@ Idle Mode [IM] 


* — CML logic on 
* Sequencers initialized but disabled, i.e. not running A 


. PRNG initialized but disabled, i.e. not running 
* —NRZ inputs disabled 


* NRZ outputs tristated 


SG=1 RG=X WG=X PD=0 ate -0 oY 
¢ Servo Mode [SM] = IM for t 3S end 


* CML logic on 
* Sequencers initialized but se | running 
* — PRNG initialized but dsebledie.t jot running 
+ NRZ inputs disabled 
« NRZ outputs tristated 
= Should exit SM only with RG=0, & WG=0, i.e. into Idle Mode 
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SG=0 RG=1 WG=X PD=0 SLEEP bit =0 


¢ Read Mode [RM] 
* — CML logic on 
* — NRZ outputs enabled, initially driving low 
* PRNG ready and waiting for enable upon SBF, uses RCLK 
+ —NRZ inputs disabled 
= Should exit RM only with SG=0, & WG=0, i.e. into Idle Mode 
= Should enter RM only with SG=0, & WG=0, i.e. from Idle Mode 
SG=0 RG=0 WG=1 PD=0 SLEEP bit =0 
¢ Write Mode [WM] 
* — CML logic on 
*  PRNG ready and waiting for enable upon NZD, uses internal WCLK (RCLK 7 or RCLK J) 
* NRZ inputs enabled 
« NRZ outputs tristated 
= Should exit WM only with SG=0, & RG=0, i.e. into Idle Mode 
= Should enter WM only with SG=0, & RG=0, i.e. from Idle Mode 
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As seen above, the Sleep bit (SLEEP), when set to a ‘1’, has the effect of overriding the four controlling pins. The No Scramble 
(NOPR), and Direct Test Mode (DTM) bits only modify the performance and operations within the various modes. 

In byte operations (NIB=0) whenever DTM=0 the clock divider circuitry divides the serial channel clock frequency by nine to create 
RCLK. Whenever DTM=1 the division is changed to eight. 

Whenever DTM=1, the PRNG circuitry is also disabled, regardless of the value of NOPR. Whenever DTM=0, the enabling of the 
PRNG is dependent upon the value of NOPR, with NOPR=1 providing a disable and NOPR=0 providing an enable. 

The following figure shows, in state diagram form, the three operational modes of the digital back end. These modes are Idle / Servo 
mode, Read mode, and Write mode. Note that Idle and Servo modes are one and the same for the digital back end. This is not the 
case for the analog front end, where Idle mode is not equivalent to Servo mode. Also shown are the transitions between these modes. 
The usual and intended transitions are shown with the heavy arrows and control settings in bold. Other possible valid but less standard 
transitions are shown with dotted arrows. 

These transitions are set via the hierarchy: SG overrides RG which overrides WG. These inputs are, by nature, all asynchronous. 
But there is a relationship between WG input, NRZ input, and the active clock write strobe edge, be it WCLK, RCLK rising, or RCLK 
falling. The first two input write clock edges following WG rising, or whichever signal put the chip into Write mode, are the two NRZ 
inputs that are ignored and assumed to be zero, whereas the third clock edge actually strobes in the NRZ inputs that are first checked 
for non-zero patterns. 


u 


SG=0, RG= — SG=0, RG=0, WG=7 
SG=0, o~ SG=0, RG=0, WG=) 
SG=T, 1, WG=x 


SG=T, RG=0, WG=1 


Diagram 1 State Diagram of Mode Transitions 
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MODE CONTROL AND POWER MANAGEMENT 

The fundamental operating modes are controlled by the servo gate (SG), read gate (RG), and write gate (WG) input pins. The 
exclusive assertion of any of these inputs causes the circuit to enter that mode. If none of these inputs is asserted, the circuit is in IDLE 
mode. If more than one of the inputs is asserted, the mode is determined by the following hierarchy: SG overrides RG which overrides 
WG. The mode that is overriding takes effect immediately. SG and RG are asynchronous inputs and may be initiated or terminated at 
any time. WG is also an asynchronous input, but should not be terminated prior to the last output write data pulse to the preamp. 


Table 216 Mode Control 


WG RG SG PD MODE 

Xx Xx Xx 1 Entire chip powered down; serial port still functional 

0 0 0 0 IDLE mode; read data blocks powered down if PREN = ‘1’ 
Xx x 1 0 SERVO mode; read data blocks powered down if PREN = ‘1’ 
Xx 1 0 0 READ mode; read data blocks powered on 

1 0 0 0 WRITE mode; read data blocks powered down if PREN = ‘1’ 


the register file and used directly as digital control lines or sent to one of the D alog control signals. 


DIGITAL CONTROL 
Control of the chip is performed through a serial digital interface and a (16,12) bit wi file. Control information is stored in 
eat 
The interface consists of three TTL-level signals for input/output data, clo enable. Upon asserting SPEN, the serial port is 


enabled and ready for input on SPDATA and SPCLK. The SPDATA line pro e read/write, address and data information. 
SPEN- 
q 
P| SPCLK - 
a 
SPDATA - a 
1 l<_ 
ml Ts(SPDATA) 
S(SPEN) 
| SPEN- 
a @ ®@ © Too KO @ 
f SPCLK - 
ft eae moo 
oc| SPDATA - [Zyros Ml 
> i 


ToEN Tepp 
Diagram 2 Serial Register Load & Readback Timing 
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Table 217Serial Register Bit Allocation 
Data Bit 


Register 


Address 


11 10 7 6 5 


PGC DAC SQPI DAC FIR Tap 0 


DR DAG FIR Tap 6 


CTF Data Group Delay FIR Tap 1 


CTF Servo Group Delay FIR Tap 5 


WPC Pattern 2 FIR Tap 2 


WPC Pattern 3 FIR Tap 4 


WPC Pattern 1 


FS Divide-by-N 


Servo Gain Go” old DAC 


SLINDYID 


= 
* 
iu 
o 
2 
9 
za 
> 
> 


Level Qual Pos Vr, Damping Ratio DAC 


Level Qual Neg Vr LPF WDSEL[1:0] SRV 
BYP DB 


CTF Data Fc CTF Data Boost 


CTF Servo Fc CTF Servo Boost 


HLD TSR CPT Zero Phase Restart DAC PE Offset 
V ST DAC 


CMX TP1 Select BMX Test Mux Select 
EN EN 


FS Divide-by-M AGC SF Count PLL SF Count 


i rsrv vVTC2 SBI rsrv 


NON 


E NIB 


DZ 


*rsrv'd bits are VTC reserved control bits which should be programmed low 
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Table 218Serial Register Bit Descriptions 


Reg. . ar 
Addr Bit(s) Description Usage 
1:0 rsrv'd always program low 
5:2 FIR Tap 0 Kg=0.0194xVALUE in V/V 
, 2’s Complement -8 < VALUE <7 
76 SQPI DAC: AGC Sampled Charge Pump Current l=20xVALUE in pA 
0 : DAC l=Charge Pump Current 


y = [2(2.5 + VALUE)] 


11:8 PGC DAC: Programmable Gain Control DAC 0 < VALUE < 15 
Ay=VGA Gain 
1:0 rsrv'd always program low 
5:2 FIR Tap 6 Kg = 0.0194 x VALUE in V/V 
2’s Complement -8 < VALUE 


x (33 + VALUE) in Mrad/s 
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@, = VCO center frequency 
RR = Value of external resistor in Ohms 


1 
11:6 DR DAC: Data Rate DAC % a <31 


0 rsrv'd a? always program low 
FIR Tap 1 (@) K, = 0.0195 x VALUE in V/V 


2 oe 2’s Complement -16 < VALUE < 15 
as CTF Data Group Delay GDpo = 0.95 x VALUE in % 
2’s Complement 39 < VALUE < 31 
0 rsrv'd always program low 
5-4 FIR Tap 5 Ks = 0.0195 x VALUE in V/V 
3 , 2’s Complement -16 < VALUE < 15 
11:6 | CTF Servo Group Delay Bie omer val Ur ve 


2’s Complement 39 < VALUE < 31 
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Table 218Serial Register Bit Descriptions 


5-0 FIR Tap 2 Ky = (0.0195 x VALUE) -0.3125 in V/V 
, 2’s Complement -32 < VALUE < 31 
6 DHBW: Disable High Bandwidth Mode of AGC. 0: Normal Mode 
Forces FAQ to remain low. 1: Disable high bandwidth 
PGCEN: Enable Programmable Gain Control Mode ; : 
4 7 of VGA. Allows the VGA gain to be adjusted through re alleen bate i 
PGC DAC. weed 
Twpc = (0.013 e VALUE) eT 
11:8 WPC Pattern 2: Determines amount of precomp for eee te 
patter 2 Twpc = time delay of pattern transition 
T = Period of Data Rate clock 
5:0 FIR Tap 4 Ky = (0.0195 x VALUE) -0.3125 in V/V 
: 2’s Complement -32 < VALUE < 31 
6 FAQSEN: Enable Fast Acquisition on falling edge of | 0: Normal Mode 


Servo Gate (SG). 1: Enable fast Acquisition 


WPCHR: WPC High Range Bit; Selects patterns 1& 


5 7 3's precomp range 0:0- 20% ompensation 
See WPC Pattern 1 & 3 A pmpensavon 
pe = (0.013 e VALUE + 0.20 e WPCHR) eT 
ALUE < 15 
wpc = time delay of pattern transition 
T = Period of Data Rate Clock 


WPCHR = WPCHR Bit Setting 


& Ks = (0.0195 x VALUE) + 1.094 in V/V 
mn dees © 0 < VALUE < 31 
n 


WPC Pattern 3: Determines amount of precomp for 
pattern 3 
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5 TC3: Tap Centeri Tap. Controls gain offsetin | 0: Normal Mode, 1 <gain< 1.7 
FIR center tap (tap 3). 1: Test Mode, 0 < gain < 0.7 
6 TC24: Tap Centering, 2nd & 4th Taps. Controls the | 0:Normal Mode, -.93 < gain< +.3 
gain offset of FIR taps 2 & 4. 1: Test Mode, -.62 < gain < +.62 
6 7 TRBWR: Reduces the Pmultiplier gain by factor of | 0: Selects Pmult gain, P 
1/4 in tracking mode. 1: Selects Pmult gain, P/4 
Twpc = (0.013 e VALUE + 0.20 e WPCHR) eT 
0 < VALUE < 15 
11:8 WPC Pattern 1: Determines amount of precomp for 


Pattern 1 Twpc = time delay of pattern transition 
T = Period of Data Rate Clock 
WPCHR = WPCHR Bit Setting 
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Table 218Serial Register Bit Descriptions 


VITOWD: Viterbi OverWrite Disable. Allows the 
0 path memory over-write feature to be disabled in 
the Viterbi Detector 


0: Normal Mode 
1: Over-write disabled 


PDTST: Phase Detector Test. A high prevents the 
input to the decision-directed phase detector (and 0; Normal Mode 
Viterbi detector) from switching from the low pass 1: Test Mode 

filter output to the FIR output. 


0: lotser Set by PE offset DAC added to DSFN 


2 PED: Timing Recovery Phase adjustment direction. 1: ones S@t by PE offset DAC added to DSFP 


TRCKSL: Timing Recovery Clock select, chooses 0: Timing Recovery VCO chosen (Normal) 


3 between the TR VCO output being chosen or an 1: Alternative reference chosen, specific 
7 alternative reference in its place reference determined by REFSEL bit 
4 PRST: Programmable reset for synth. dividers and | 0: Normal Mode 
divide-by-4’s 1: Reset Mode 
5 SI 0: Normal (Powered On) Mode 
on 1: Power Off Mode 
116 FS Divide-by-N: Reference divider value in the 


Frequency Synthesizer 


divide-by-M setting 
= divide-by-N setting 


CIRCUITS 
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| Viterbi Threshold DAC. N sate is VALUE= | VITz, = 0.047 + 0.376( “4526 in Volts 
60° We 127 


0 < VALUE < 127 


0: VCO output selected (Normal Mode) 


7 FSCKSL: Frequency Synthesizer clock select 1: TCLKPIN input selected 


N-V 
8 a et ( ll 
Wee ( . 0.6 + SE) | + 0.05 
Vsp = Integrated servo burst output in V. 
11:8 Servo Gain DAC: 4 bit DAC which controls the N = Number of integer servo burst cycles. 
: voltage gain of the servo block. Vpirr = Continuous time filter differentiated 


output. (dppV). This signal can be measured on 
TP2 test point output. 

SDAC = Servo DAC setting (0 - 15). Nominal 
setting: 1000. 
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Table 218Serial Register Bit Descriptions 


127 — VALUE 
p= ke(——57 _) 
P {KVCO* KDS:C 
a. arr 
| Gin 
6:0 Damping Ratio DAC pa VADNee te! 
9 K = Gain of Pmultiplier 
KVCO = Gain of TR VCO 
KDS = Gain of phase detector, either the PFD in 
W/I mode or DDPD in Read Mode 
C = Value of external capacitor 
| = Gain of Imultiplier 
Gm = Gain of QPUMP 
Level Qual Pos V7: PDQ Positive Threshold Vth = 20 + (1.9 x VALUE) in percent 
11:7 Qualification Level. 
0< VALUE <15 
Measured as a percentage of Vig 
0 PREN: WRITE/IDLE (W/l) mode power reduction 0: No power reduction in W/I mode 
enable 1: FIR/VI D powered off during W/I 
= ; 
x REFSEL: Selects reference to use in place of a 
O x 
a5 1 Timing Recovery VCO output. Used in conjunction j Site. : ikeLiem pines 
2 a with TRCKSL Bit pnt aulp 
= = - 
nz . 
z 5 ibe ae ct ipsa wn 0: Attenuate QPUMP gain by 16, Pmult by 4 
9 p 1: Attenuate QPUMP gain by 4, Pmult by 2 
gains in Acquisition Mode 
3 SRVDB: Disables ae Servo block and_ | 0: Servo block enabled 
enables analog estos 1: Servo block disabled 
10 BIT (5:4) 
Akiak ‘ : 0 0: Toggle Flip-Flop in data path 
5A WDSEL: Write Data Select, determines what signal 0 1: No Toggle Flip-Flop in data path 
will be output on the WDPIN lines : : 
1 0: bypass precoder and write precomp 
1 1: FDSP/N inputs outputted 
LPFBYP: Low Pass Filter Bypass. Allows 
6 differential signal to be injected immediately after 0: Normal Mode 
the internal AC Coupling Caps. Test signal is input | 1: Test Mode (lowpass filter bypassed) 
on RLOWZ and RFSR pins 
Level Qual Neg V7: PDQ Negative Threshold Vu = -20 + (1.9 x VALUE) in percent 
11:7 Qualification Level. 
0< VALUE < 15 
Measured as a percentage of Vig 
4:0 CTF Data Boost See Graph 12 on page 133 
i" . CTF Data Fc: Cutoff frequency of LPF while in fo oases VRE Me 
ae READ Mode 
: 0 < VALUE < 127 
4:0 CTF Servo Boost See Graph 12 on page 133 
2 115 CTF Servo Fc: Cutoff frequency of LPF while in ie? Use VOreey es! in Mle 
ERC be 0 < VALUE < 127 
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Table 218Serial Register Bit Descriptions 


PE Offset DAC: Phase Error Offset DAC used to Os iscintactineseandts OA 

1:0 add current to DSFP or DSFN depending on the A casinectavisainiaces! 5 WA 
: PED bit setting. Corrects for phase offset in the Oe aeceeauuctendset ezine 10 pA 
timing recovery loop. OO cctcisteneseacscuss: 15 yA 


ZPR DAC: Zero Phase Restart DAC used to 
4:2 determine time before first sample is taken on the Nominal setting: 10001 
Sync Field 2T pattern 


SYMC.......... Taps which will be identical 
Symmetric Control: Determines which if any of the Ooccrceesse(2 & 4) a 
6:5 taps will be symmetrically adjusted. See FIR i... 2&4 { 
Adaptation Circuiton page 136 fordetails. = |, Ca ap ee 
2. eletia eit (2 & 4) & (1 & 5) & (0 & 6) 
Seaiiueunsizee all taps asymmetric 
13 ACtest........... Resulting mode 
Adaption Control Test: Allows the adaption circuitry | ------------------------------- 
8:7 to be tested by forcing either an up, down or hold Oi ecvaenatasacs avers Normal operation 
, signal. See FIR Adaptation Circuit on page 136 for | 1... Up forced 
details. Ds attgnssinvesat aay Down forced 
Bi actiedineiederal old forced 
9 CPTST: Used to test timing recovery charge pump | 0:No 


(QPUMP) gains in Idle mode. 


10 TSRV: Test Servo operating mode pial’ Mode (synchranous) 
4 : Test Mode (asynchronous) 


(@) 0: Normal operation. 
11 HLD: Hold mode for AGC and Gy ry 1: Both AGC and timing recovery loops forced into 


loops. a hold (coast) mode. Intended for coasting over 


oe thermal asperities. 
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Table 218Serial Register Bit Descriptions 


3:0 Test Mux Select: Selects which internal signal will See Table 220 
be outputted on the various output pins 
. : : 0: Bipolar Test Muxes disabled (Normal Mode) 
4 BMXEN: Enables the Bipolar test point muxes 1: Bipolar Test Muxes enabled 
DPLL Allows the internal PLL signal to be 
5 programmably enabled/disabled for test purposes. | 0: Normal Mode, (PLL SF count enabled) 
PLL is asserted at the transition from acquisition 1: Test Mode, (PLL SF count disabled) 
mode to tracking mode 
14 DAGC: Allows the internal AGC signal to be 
6 programmably enabled/disabled for test purposes. | 0: Normal Mode, (AGC SF count enabled) 
AGC is asserted once the AGC count is reached in | 1: Test Mode, (AGC SF count disabled) 
the Sync Field 
7 SELTE: Selects which Timing Error the QPUMP will | 0: Resampled Timing Error (Normal Mode) 
receive from the DDPD 1: Non-resampled Timing Error 
10:8 TP1 Select: Selects which internal signal to mux out See Table 219 
to the TP1 test point. 
. 0: CMOS test mode disabled (Normal Mode) 
11 CMXEN: CMOS Test muxes enable 1: CMOS ede enabled 
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VM65060 “eS 


Bit 
Byte Clocks 1 0 
PLL SF Count: Determines how many userdata = _|_—s—--------------------------------- 
1:0 bytes of data rate clock pass, after AGC has timed 0 0 O 
out, before PLL signal, tracking mode, begins 1 Oo 1 
2 1 0 
3 1 1 
AGC SF Count: Determines how many user data ByieClocks { a 
bytes of data rate clock pass, after RGD has a Uae Geer ee 
15 3:0 occurred, before AGC signal begins 4 0 0 
RGD occurs 2 user data bytes clocks following : oe 
: 7 1 0 
external RG being asserted 9 {4 
(M+1)7 . 
fout = frner| NT) | in MHz 
11-4 ee SAM divider value in the fou= the output frequency of VCO 
apener = ferer = input frequency on FREF pin 
M = divide-b setting 
setting 
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990812 


0 rsrv'd always program low 
9:4 Sync Byte 2 Pattern This nine bit pattern and its complement define 
the two sync bytes. 
16 
10 VTC2: Test mode to initialize clockmaker. Must be | 0: Normal Mode 
low for normal operation of VM65060. 1: Clockmaker held at reset state 
11 rsrv'd always program low 
0 rsrv'd always program low 
. : . ; 0: 8-bit wide (byte) mode 
1 NIB: Control bit to determine NRZ interface mode 1: 4-bit wide (nibble) mode 
NOPR: Control bit which allows the pseudo random | 0: Normal Mode 
2 number generator to be disabled, thus the 1: Pseudo Random Number Generator 
scrambler/descrambler also controlled (Scrambler/Descrambler) disabled 
3 EDGE: Determines which edge of RCLK the NRZ 0: Positive edge of RCLK 
lines will be strobed in on 1: Negative edge of RCLK 
4 SBRT: Determines if Sync Byte 2 will be returned 0: No sync byte returned 
prior to user data 1: Sync B returned 
. ; ; 0 al 
5 EXT: Select clock to strobe NRZ input data in xl8thal WCLK rising edge 
17 6 TFAQ: Test Fast Acquisition. Allows for av rmal Mode 
ultra fast decay current. 1: Test Mode (Fast Acquisition. always on) 
FESEL: Front End Select. aq O< Noweall Moda 
i Oe TORT ae 1 be se 1: TDATA/TCLK sent to endec processor 
endec processor (digital 
8 BESEL: Backend elec Allows signals inputted on | 0: Normal Mode 
TDATA/TCLK to be t to Precoder/WPC 1: TDATA/TCLK sent to Precoder/WPC 
9 BOTH: Determines if both sync bytes need to be 0: Either Sync Bytes may be found 
found or either 1: Both Sync Bytes must be found 
10 NONE: Control bit which allows readback framing to | 0: Normal Mode 
be initialized with RG rather then Sync Byte Detect | 1: RG initializes readback framing 
DTM: Direct Test Mode which allows NRZ data to ? 
11 be directly passed through the backend, i.e. no > Nonna Mods 
etrient As ug . eke 1: Direct Test Mode enabled 
scrambling/descrambling or encoding/decoding 
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24 


2:0 


Tap Weight Rollover value: Determines which of the 
FIR taps will be adapted by determining which tap 

gets adapted following Tap 4. 

See FIR Adaptation Circuit on page 136 for details. 


VM65060 


© 


NO Sync Byte: Allows the FIR adaption routine to 
begin without requiring a Sync Byte Found to occur. 
Adaption will begin after PLL SF Count has been 
reached with this bit set. 


0: Normal mode, Sync Byte starts adaption 
1: PLL SF Count starts adaption 


6:4 


Initial Tap Weight: Determines which tap the 
adaption routine will adapt first. 

See FIR Adaptation Circuit on page 136 for more 
details. 


8:7 


Integration Length: Determines the number of 
cycles the adaption circuit will integrate over when 
deciding whether the current tap weight should be 


incremented, decremented or held. 4 


12 cycles 
15 cycles 
18 cycles 
21 cycles 


10:9 


Dead Zone: Determines t 
number of updates (delt 
qualify an increm 

delta is not reach 

simply held. 

See FIR Adaptation Circuit on page 136 for more 
details. 


See FIR Adaptation Circuit on page 13 
<iredteret 
i irection to 


details. 
ent decision. If this 
the current tap weight is 


Adaption Enable: Enables the adaption circuitry 


0: Adaption circuit NOT active 
1: Adaption circuit enabled 
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TEST MODES 

There are sixteen test modes that are used in the VM65060. The test modes are controlled by two different sets of test addresses 
(TSEL[8:0] & TP1[2:0]) in the serial register, the bipolar test enable (BMXEN) and the CMOS test enable (CMXEN), as shown in Table 
220 and Table 221. 


Table 219 TP1 Control 


= TP1 SEL[2:0] bits Output pins 

s TP1 

Seon ee (diff analog) 

1 0 0 0 TR VCO/4 

1 0 0 1 Timing Error 

1 0 1 0 Yn 

1 0 1 1 Vit Sig E 

1 1 0 0 Held Sig Odd 

1 1 0 1 FIR out 

1 1 1 0 TR VCO Control 

= 1 1 1 1 CTF norm ac A 
: : 0 Xx Xx Xx normal op. <s 
a5 oY 
Table 220 Bipolar Test Register Decode Gy 

2 TSEL[3:0] bits 8 ©O BUpuEp Ine 

= : 

ra 3 2 1 0 ; TP2 TP3 TP4 
(diff analog) (PECL) (PECL) 

1 0 0 0 0 0 CTF norm DV64 DV256 

1 0 0 0 1 1 VGA in FSUP FSDN 

1 0 0 1 0 2 VGA out FS VCO TR VCO 

1 0 0 1 1 3 Vit Sig O TR VCO/4 TO 

1 0 1 0 0 4 Held Sig Evn YHB/YLB XPB/XNB 

1 0 1 0 1 5 CTF diff TRUP TRDN 

1 0 1 1 0 6 Int_€ En Ch 

1 0 1 1 1 T Vics X, Xny 

1 1 0 0 0 8 none FEDATA FECLK 

1 1 1 1 1 15 none BEDATA BECLK 

0 X X X X X power down power down power down 
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Table 221 CMOS Test Register Decode 


> TSEL[2:0] bits Output pins 

Se 3 

S 8 

OF \ie2 Pale RDS RPOL 
(cmos) (cmos) 

|. a 0 | 0 LP/LN HCLK 

Ll 1 | 4 LZDEL FRDEL 

ae es 0 | 2 HLDEL RGDP 

a es 1 | 3 DMN SRVCNT 

tae 0 | 4 AGCN PLLN 

© 4 1 | 5 SHGN PDSELN 

i ; 0 | 6]  dv/dt comp EA 

: 7 1 | 7 NZD PRN10 

0 Xx xX x 


Table 222Test Signal Descriptions 


normal op. normal op. ; © 


sisi eh 60... 
TR VCO/4 Timing recovery VCO S: 
Timing Error Timing error for the - ecovery Loop. 
Yn Resampled FIR output at the “current” time 
Vit Sig E The even FIR interleave being input to the Viterbi detector. 
Held Sig Odd | Held signal value for the odd interleave of Viterbi detector. 
FIR out Output of the Finite Impulse Response filter. 
Dee Analog control input to the Timing Recovery VCO. 
CTF diff Differentiated output of the Continuous Time Filter. 
Held Sig Evn | Held signal value for the even interleave of Viterbi Detector. 
DV64 Output of the 6-bit divide-by-N counter in the frequency synthesizer. 
DV256 Output of the 8-bit divide-by-M counter in the frequency synthesizer. 
VGA in Analog input to the Variable Gain Amplifier of the AGC loop. 
FSUP Pump up signal from the phase-frequency detector in the frequency synthesizer. 
FSDN Pump down signal from the phase-frequency detector in the frequency synthesizer. 
VGA out Analog output of the Variable Gain Amplifier of the AGC loop. 
FS VCO Frequency synthesizer VCO output. 
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990812 


ssp nel Description 
TR VCO Timing recovery VCO output. 
Vit Sig O The odd FIR interleave being input to the Viterbi detector. 
TO FIR track and hold 0 control signal. 
CTF norm Normal output of the Continuous Time Filter 
YHB/YLB Timing recovery pump up (=0) / down (=1) in sampled mode, qualified by XPB/XNB signal = 1. 
XPB/XNB Timing recovery positive/negative sample sign indicator. Equivalent to (X1 xor X2). 
CTF norm ac | AC coupled normal output of the Continuous Time Filter 
TRUP Pump up signal into the charge pump of the Timing recovery loop. 
TRDN Pump down signal into the charge pump of the Timing recovery loop. 
Int_€ Integrated Ims tap weight error 
E, Sign of the PR4 equalization error estimate 
Cr Sign of the Channel data 
EA Enable Adaptation - This line indicates that either the posi < adaptation DZ threshold has 
been crossed by the integrator in the LMS_UPDATE blo 
Yn-1 Resampled FIR output at the sampled one craps the “current” time 
x1 Positive sample sign indicator for vin d phase detector in the timing recovery. 
XN1 Negative sample sign indicat directed phase detector in the timing recovery. 
LP Signal from the level q life block indicating when the input pulse exceeds the programmed threshold. 
HCLK Signal from the level qualifier block which outputs a pulse for each input peak. 
LZDEL One-shot pulse which controls how long the AGC loop stays in low impedance mode. The RLOWZ 
external resistor controls the one-shot pulse width. 
HLDEL Hold control signal for the AGC loop. Active only in servo mode. 
ERDEL One-shot pulse which controls how long the AGC loop stays in fast acquisition mode. The RFSR external 
resistor controls the one-shot pulse width. 
RGDP Read gate delayed. Internal control signal which is delayed from RG by two bytes. 
dv/dt comp The CTF differentiated output after passing it through a comparator. Used by the servo block. 
AGCN Internal control signal indicating when the AGC loop switches from continuous time loop to samples time 
loop. 
PLLN Internal control signal indicating when the timing recovery loop switches from decision directed acquisition 
mode to decision directed tracking mode. 
PDSELN Phase detector select signal. Lo selects the decision directed phase detector, hi selects the phase 
frequency detector. 
DMN Servo control signal that when hi indicates one of the servo channels is integrating. 
NZD Non Zero Detect; test signal from digital backend. 
SRVCNT One bit from the servo 2-bit counter which controls servo channel selection sequence. 
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Table 222Test Signal Descriptions 


sis ipei Gal Description 
PRN10 Pseudo Random Number 10; PRNG output from digital backend. 
BEDATA Test signal: Digital Back End Data 
BECLK Test signal: Digital Back End Clock 
FEDATA Test signal: Analog Front End Data 
FECLK Test signal: Analog Front End Clock 
ABSOLUTE MAXIMUM RATINGS 
Power Supply Voltage 
NCG: gn 8p Raw BRE we eR ok Bd do ogee ewe -0.3V to +7V 
Input Voltages 
Digital Input Voltage Vin... ee -0.3V to Vec+0.3V 
Analog Input Voltage Vin... 2. ee es She yo03 
Storage Temperature Tyg. - ee ee . -65°C to 150°C 3 2 
Junction TemperatureT; ...........-0-. a Oo Ye 150°C 2 3 
Thermal Impedance, @, 80-Lead PQFP. . . oO WS .......... 43°C/W x rs) 
RECOMMENDED OPERATING CONDITIONS 
Power Supply Voltage © 
VGC sce Gag BES + PAGE SSR ee o EPS wo +5V+10% 
Junction TemperatureTy .. 2... 22... ee ee ee 0°C to 125°C 
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PIN FUNCTION LIST AND DESCRIPTION 

There are a number of different inout and output buffers used on this chip. There are CMOS TTL inputs, Bipolar ECL-like differential 
outputs, Analog differential inputs, and several analog reference input and output pins. Because of pin limitations some pins serve 
double duty. A table showing the various pin types is provided in Table 223 below. 


Table 223 VM65060 Pin Descriptions 
PIN TYPE PIN NAME INFORMATION 


LPF, servo, analog AGC, analog pulse qualification, analog test 
mux power 


VCC1 


VCC2 FIR, Viterbi detector, digital test muxes power 


VCC3 Frequency synthesizer analog power 


VCC4 Timing recovery analog power 


Frequency synthesizer digital, timing recovery digital, write 


mee precomp and PECL output power 


VCC6 Front end digital CMOS power and N well. 


Power Supplies 


VCC6IO Front end digital I/O power 
VCC7 Not Used (not a pin) 
VCC8 Digital backend CMOS roe 
vccg Digital = power 
VCC10 Digital ba ell connection 
VCC10Q k A CMOS core logic N well connection 
VvCCi11 S backend bipolar write power 


VEEI re hs LPF, servo, analog AGC, analog pulse qualification, analog test 
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mux ground 


VEE2 FIR, Viterbi detector, digital test muxes ground 


VEE3 Frequency synthesizer analog ground 


VEE4 Timing recovery analog ground 


VEES5 Frequency synthesizer digital, timing recovery digital and write 
precomp ground 


Ground Supplies VEE6 Front end digital CMOS ground 


VEE6IO Front end digital I/O ground and ESD substrate 


VEE7 Bipolar substrate connection 


VEE8 Digital backend CMOS ground 


VEE9 Digital backend bipolar read ground 


VEE10 Digital backend CMOS substrate 


VEE11 Digital backend bipolar write ground 


3-172 VTC Inc., 2800 East Old Shakopee Road, Bloomington, MN 55425, 612-853-5100 


990812 


Table 223 VM65060 Pin Descriptions 


PIN TYPE 


PIN NAME 


VM65060 Op! 


INFORMATION 


CMOS Inputs 


ICM 


Initialize ClockMaker, VTC test control. 
MUST BE LOW FOR NORMAL OPERATION. 


HOLD 


External hold control which overrides the internally generated hold 
signal (Active Low) 


RG 


Read Gate. When this signal is asserted, the read path circuitry is 
enabled (active high). 


WG 


Write Gate. When this signal is asserted, the write path circuitry is 
enabled (active high). 


SG 


Servo Gate. When this signal is asserted, the servo demodulator 
circuitry is enabled (active high). 


Servo Reset (active high) 


Enables selected area detector 


Serial port I/O enable (active high) 


PD 


Serial port clock (latch on positive edge) 
Power down cule si ni signal is asserted, the chip 
is powered dow tive 


WCLK 


NRZ —— d, must be synchronous with RCLK 


Bipolar TTL Input 


FREF 


ency for the frequency synthesizer 


CMOS Bidirectional 


SPDATA 


NRZ8-NRZ1 


ee serial port data signal 


RZ Parallel Read/Write Data 


CMOS Outputs 


=e 


Level qualifier data output. A high indicates a servo peak of 
qualified amplitude. 


RPOL 


16 


Level qualifier polarity output. A high indicates positive servo 
polarity. A low indicates negative servo polarity. 


SBF 


66 


Sync Byte Found Flag (Active Low) 


RCLK 


68 


User Data Read Clock 
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Table 223 VM65060 Pin Descriptions 
PIN TYPE PIN NAME INFORMATION 


FDSP Reference frequency used to replace the timing recovery VCO 
FDSN output. 


Bipolar ECL-like Differen- TDATAP 


tial inputs (PECL) TDATAN Mestmnode Dale inputs 


TCLKP 


TCLKN Test-mode Clock inputs 


WDP 


WDN Write data to the preamplifier. 


Bipolar ECL-like Differen- TP3P 


tial Outputs (PECL) TP3N Beet points output 


TP4P 


TPAN Test point 4 output 


DIP 
DIN 


SREF Servo Reference Voltage (0.6 
SBA Servo burst A integra tp 
SBB Servo burst B i or output 
SBC Serv. LCi ator output 
Analog Outputs : 
SBD e st D integrator output 
TP1P if 
TP1N 


TP2P 36 
TP2N 37 


Analog Inputs 


Differential Analog Read Data input from the preamplifier chip. 
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ferential Analog test point 1 output 


Differential Analog test point 2 output 
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Table 223 VM65060 Pin Descriptions 
PIN TYPE PIN NAME INFORMATION 


Filter reference resistor. An external 1% resistor is connected 
from this pin to analog ground to establish a precise internal 
reference current for the DACs controlling the continuous-time 
filter cut-off frequency. Resistor (4KQ to 32KQ) to ground [see Eq. 
190] 


PLL reference resistor. An external 1% resistor is connected from 
this pin to analog ground to establish a precise internal reference 
current for the DACs controlling the timing recovery and 
synthesizer VCO center frequencies. Resistor (2.67KQ to 
5.11KQ) to ground [see Eq. 197] 


Low Z duration control. A resistor between this pin and ground 


External Component Con- defines the duration of the Low Z period. 


nections 


Fast recovery/decay duration control. A resistor between this pin 
and ground defines the duration of the fast gain acquisition period. 


AGC data field gain storage, capacitor (390pF) to ground 


AGC servo field gain storage, capacitor (390pF) to ground 


Timing Recovery Loo ifferential connections for the 
timing recovery P cit ponent. Capacitor (150pF) 
between Fone 


Fre er PLL loop filter. Differential connections for 
th Rg rr PLL loop filter components. 


CIRCUITS 
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No Connect may be connected to ground, if desired. 
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YS vieso6o 00812 
ELECTRICAL PARAMETERS, BY FUNCTIONAL DESCRIPTION 


AC and DC Characteristics 
Recommended operating conditions apply unless otherwise specified. 0°C < Ty, < 70°C, 4.5V < VCC < 5.5V 


Table 2240verall 
PARAMETER CONDITIONS 


Read Mode, Data Rate = 55 Mbps 


Read Mode, Data Rate = 140 
Mbps 


Power Supply Current 


Powerdown or Sleep Mode 


AGC with 10% final value, 
Recovery Time Standby Pulse Detector without pulse pair- 
to Fully Functional ing, 

Filter cutoff with 10% final value 


Table 225Logical Signals; TTL Compatible CMOS Inputs 
PARAMETER CONDITIONS 


Input High Voltage 


Input Low Voltage 


inputs except FREF 


SLINDYID 


Input Leakage Current 


= 
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Vj = 0.8V, FREF 


Vin = 2.0 


Control Signal Rise and 
Fall Times Oo 


Input Capacitance 


Table 226Logical Signals; TTL Compatible BiCMOS Outputs 
PARAMETER CONDITIONS 


VOH_BICMLO lo =-100 pA 


Output High Voltage 
VOH_BICMOS lon = -2 mA 


VOL_BICMLO lor = 100 pA 


Output Low Voltage 
VOL_BICMOS lol = 2mA 


Capacitive Load 


Table 227Logical Signals; PECL Inputs and Outputs 
PARAMETER CONDITIONS 


Common Mode Input 
Voltage 


Differential Input Voltage 


Input Current 
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Table 227Logical Signals; PECL Inputs and Outputs 

PARAMETER CONDITIONS 


Output High Voltage VOH_PECL R,=50Q to Vgc-2V, T=27°C 


Ri =502 to Vog-2..45V, 


Output Low Voltage VOL_PECL T227°C 


Differential Output Swing loc=lon=18MA 


Output Leakage Output disabled, 
Current Vout=VeE:; Voc 


Table 228Gain Control 
Unless otherwise specified: Vp; = (Vpip — Vpin)- 


PARAMETER CONDITIONS 


Vp) range such that the AGC is 
holding CTF_norma_ac at a locked 
Input Dynamic Range amplitude. 

Vp: = 20 mVppd and 200 mVppd 
fin = 5 MHz and 40 MHz 


Measure CTF_norma_ac 
Output Dynamic Range Vp) = 20 mVppd and 200 mV, 
fin = 5 MHz and 40 M 


CIRCUITS 
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Input Common Mode 


Voltage Vemp1 = (V None 
L 


L 


Differential Input 
Resistance = High, WG=4.0V 


LOWZ = Low 


Single Ended Input 
Resistance 
LOWZ = High, WG=4.0V 


VGA Minimum Gain AVMIN_D VGAout/Vp1, Vcaacx=0.8V 
PGCEN Reg bit=0 AVMIN_S Idle mode and Servo mode 


VGA Maximum Gain AVMAX_D VGAout/Vpi, Vcaacx=3-2V 
PGCEN Reg bit=0 AVMAX_S Idle mode and Servo mode 


AV=(Vtpop -Vtpan)/Vor, TM2 
DAC= 0000 
VGA Maximum Gain DAC= 0001 
PGCEN Reg bit=1 DAC= 0011 
DAC= 0111 
DAC= 1111 


Offset Voltage at Vp, = 0, PGCEN = 1, PGC = 15 
CTF_norm Measure V offset at CTF_norm 


Vp, = 0, PGCEN = 1, PGC = 15 


Offset Voltage at CTF_diff Measure Vere at CTF_diff 
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Table 228Gain Control 
Unless otherwise specified: Vp; = (Vpip — Vpin)- 


PARAMETER CONDITIONS 


Offset Voltage at Vp, = 0, PGCEN = 1, PGC = 15 
CTF_norm_ac Measure Vofse¢ at CTF_norm_ac 


VGAour/VGAwy, PGCEN=1, Idle 
APGC_0 | PGCDAC=0000 
APGC_1_ | PGCDAC=0001 
APGC_3 | PGCDAC=0011 
APGD_7 | PGCDAC=0111 
APGD_15 | PGCDAC=1111 


PGC Gain 


202109 10 Avan (Vcaacx=2-0V)] - 
Exponentiator Gain AVGAexp 20¢logiol Avan (Voaccx=1-5V)] 
Idle Mode and Servo Mode 


Output Common Mode 


Voltage Vom Vom = (VGAgute +VGAgutn)/2 


Vp=0, PGCEN=1, 
VOSV- Measure Vorrser at VGA_out 
ce sae oer GAMIN | PGCDAC=0000 h 
g VOSGAMID | PGCDAG=0111 
vosv- | PGCDAG=1111 
GAMAX 4 


Measure z Ain over 
Frequency Response of AVFD/ quency. dB/ 
CTF_diff octave in e of gain vs. fre- . octave 


SLINDYID 
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Table 229AGC / Charge Pump 
Unless otherwise specified: Idle mode, RG = 0, force Veagcox = 1-2V, LPFBYP = 1, TFAQ = 0, FAQSEN = 0, Voy = Veco - 0.5 V, 
VaLowz = Vom + V,/2, Varsr = Vom = V//2. 


PARAMETER CONDITIONS 


RX pin voltage Vrx Rext = 6KQ 1.05 1.2 1.35 V 


Vp= (Vatowz-Vrrsr”) = 200mV 
Da a aa lanc_oes | SG=0, DRDAC=11111 16 20 24 LA 
lao co | SG=0, DRDAC=00000 8 10 12 uA 


Vp=275mV, TFAQ=0, FAQSEN=0 


Normal Discharging Current, SG=0, DRDAC=111111 


Continuous Mode lanp_063 7 7 288 360 432 LA 
aon SG=0, DRDAC=000000 144 180 216 io 
Vp= (Vatowz-Varsr) = 375mV 
Fast Discharging Current, larp_oes | SG=0, DRDAC=11111 2.24 2.80 3.36 mA 
Continuous Mode larp.oo | SG=0, DRDAC=00000 1.12 1.40 1.68 mA 
larp tis | SG=1, DRDAC=XXXXX 1.12 1.40 1.68 mA 
Vp=(VRLowz-Varsr) = 
Pach eh aboiig Cuan | 200mvV then 375mV then 0 mV 
PE iGieeiG. oFo.088 | SG=0, DRDAC=11111 180 236 mA 
\... | SG=0, DRDAC=00000 90 118 mA er 
aFc_4115 | SG=1, DRDAC=XXXXX 7 90 118 mA s o 
OE 
H- 
2 a3 
lauecos | Vp=(Vrtowz:Vrrsa)= ws 
Ultra Fast Charging Current, 3 SG=0, DRDAC= 2.48 3.10 3.72 mA = 


Continuous Mode lqurc_.oo | SG=0, D = 1.24 1.55 1.86 mA 
laurc_11 SG= XXXX 1.24 1.55 1.86 mA 

5 : 
lasu_o.6 


Z Vp = 135mV, SG = 0, RG = 1, 


lasuo.o | DRDAC=11111, SQPIDAC = 00 -3 0 3 HA 

lasu1.¢ | DRDAC=00000, SQPIDAC = 00 -3 0 3 HA 
3 DRDAC=11111, SQPIDAC = 01 36 4 46 HA 

lasu.1.o | DRDAC=00000, SQPIDAC = 01 19 23 27 nA 

lesu_2 | DRDAC=11111, SQPIDAC = 10 74 81 88 uA 
ro DRDAC=00000, SQPIDAC = 10 39 45 51 HA 

lasu2.0 | DRDAC=11111, SQPIDAC = 11 108 120 132 LA 

lasus.¢ | DRDAC=00000, SQPIDAC = 11 58 66 74 LA 
3 

Charge Pump Currents, losu_s.o 


Sampled Mode 


| QSD_0_6 


4 Vp = 225mV, SG = 0, RG=1, 


lasp.o.0 | DRDAC=11111, SQPIDAC = 00 5 0 S uA 
losp 1. | DRDAC=00000, SQPIDAC = 00 5 0 3 uA 

; DRDAGC=11111, SQPIDAC = 01 33 38 43 uA 
losp 1.9 | DRDAC=00000, SQPIDAC = 01 15 19 23 uA 
lasp_ 2. | DRDAC=11111, SQPIDAC = 10 72 79 86 uA 

«3 | DRDAC=00000, SQPIDAC = 10 36 me 47 uA 
lasp 2.0 | DRDAC=11111, SQPIDAG = 11 107 119 131 uA 
losp a6 | DRDAC=00000, SQPIDAC = 11 54 62 70 uA 


3 
| QSD_3_0 
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Table 229AGC / Charge Pump 


990812 


Unless otherwise specified: Idle mode, RG = 0, force Veagcox = 1-2V, LPFBYP = 1, TFAQ = 0, FAQSEN = 0, Vow = Voc - 0.5 V, 


Vatowz = Vom + V,/2, Varsr x Vom - V,/2. 


PARAMETER 


Charge Pump Leakage Current 


CONDITIONS 


HOLD = Active, Test Mode 


Output Dynamic Range 


Vea = (Veap-Vean) 
20MV pa < Vol < 200MV pa 
5MHz < fin < 40MHz 


Output Distortion 


Vp) =200 MV pac Viro <0. 75V ope 
Test Mode 2, 
18 2d and 3" harmonics only 


Gain Settle from -30% Vp) Step 


Ven 2 0.9-(final value) 


Gain Settle from +30% Vp) Step 


Ven S 1.1-(final value) 


LOWZ One-shot Pulse Width 


LOWZ = Active, RLqwz=10k2 


FSREC One-shot Pulse Width 


LOWZ = Active, Rrgp=20.0k2 


1.2 


Differential Input Capacitance 


Input Referred Noise Voltage 


gain =AV na, BW = 15MHz 
Voie Von 


KG 


nVAVHz 


Bandwidth 


No AGC action. All gai lues 


100 


MHz 


Common Mode Rejection Ratio 


Power Supply Rejection Ratio 


gain = AV max: fa fei. 


40 


dB 


45 


dB 


AGC Gain Sensitivity to 
CAGCx Voltage 


3-180 


(Typical range is 1.4V to 2.8V) 
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Table 230Low Pass Filter (7-Pole, 0.05°, Equiripple Phase) 
Signals measured at TP2 unless otherwise specified. 


PARAMETER 


Filter Cutoff Frequency 
(low end) 


fcmin_d 
f Cmin_s 


CONDITIONS 


Fepac=00h, REXT=6kQ, 
Idle mode and Servo mode 


Filter Cutoff Frequency 
(middle) 


fomid_d 
fomid_s 


Fepac=40h, REXT=6kQ, 
Idle mode and Servo mode 


Filter Cutoff Frequency 
(high end) 


f Cmaxd 
f Cmaxs 


Fepac=7Fh, REXT=6kQ. , 
Idle mode and Servo mode 


Normal Lowpass Gain 
(Ven VS. Ve) 


AOn 


BOOSTpac=00h, Fepac=00h, 
REXT=6kQ, fin = 4MHz 


Differentiated Lowpass 
Gain (VED vs. Ven) 


AQp 


BOOST p,c=00h, Fin = 4MHz 
Fepac=00h, REXT=6kQ, 


Boost Accuracy 


Filter Boost (low end) 


BOOSTpac=00h, REXT=6k2 


Filter Boost (high end) 


BOOSTpac=1Fh, REXT=6kQ 


Normal Filter Output 
Offset 


Differentiated Filter Output 
Offset 


Ve = 0.0V 
V1 = 0.0V, FDP/N outputs aut “4 


AC Coupled Filter Output 
Offset 


Vr = 0.0V By 


-10 


Total Harmonic Distortion 
(Ven OF Vep vs. Ve) 


CDAC= S™ 
Ne = 07s 
foets 3rd hannodies only 


Group Delay 


Fepac=7Fh, REXT=6kQ 


Group Delay Variation 
(normal or differential), 
GD=00h (i.e. symmetric 
zeros). 

Measured at Normal 
Outputs. 


0.1 fo < Fin <1.5 fos 
7 MHz S fc S$ 48 Mkz, 
BOOSTp,ac=00h, REXT=6kQ 


0.1 fo S fin $1.5 fo, 
7 MHz S fc S$ 48 MHz, 
BOOST pac=1Fh, REXT=6kQ 


Group Delay Variation 
Nonsymmetric Zeros 


DC @ FNPIN outputs. 
GDpac=-32, relative to GDpac=0 


Normal Output Noise 
Voltage 


DC @ FNPIN outputs. 
GDpac=+31, relative to GDpac=0 


BW = 100MHz, fc = 30MHz | 
Voir = Vpn, Test Mode 4 


Differentiated Output 
Noise Voltage 


BW = 100MHz, fc = 30MHz ! 
Vow = Vpn, Test Mode 4 


Common Mode Rejection 
Ratio 


fin = 5MHz, Fepac=/Fh, 
REXT=6kQV pp = Von = 100MV,, 
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Table 230Low Pass Filter (7-Pole, 0.05°, Equiripple Phase) 
Signals measured at TP2 unless otherwise specified. 


SLINDYID 
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PARAMETER 


Power Supply Rejection 
Ratio 


CONDITIONS 


Fin = 5MHzZ, Vp = OV, 
AVec Or AVeg = 100MV,, 


Filter Settle From Step in 
Fe and BOOST 


Fepac or BOOSTpac 
step to Ven settle 


i Fepac=/7Fh, BOOSTpac=1Fh (boost level is 13dB). 


PARAMETER 


Nominal Center Tap Gain 


Table 231Finite Impulse Response Filter 
Conditions unless otherwise specified: TC3=0, TC24=0, taps Ky;56=0 and K2,=16dec, ZPR=0. 


CONDITIONS’ 


Set bit three in K3 


Center Tap Gain Varia- 
tion 


Set bit three in K3. Min vs. max 
percentage gain when a 0.2v dc 
signal is applied for eight succes- 
sive channel samples. 


Center Tap Offset 


Set bit three in K3 


Feed Through 


Set all taps to 0, clear TC3 & TC24 
feed in a.5vp-p low freq. square 
wave 


Output Toggle Test 


Same as AV, with.5v, 
square wave 2 


TH Droop 


Avera op 


Center Tap Large Signal 
BW 


as on the input being a 
AC signal 0.5vp-p diff.2 


Center Tap Small Signal 
BW 


Same as AV,,with the input being a 
swept AC signal 0.05vp-p diff.? 


Center Tap Offset 
Variation 


P-P offset synchronized by TO 


Tap Gain & Linearity 


Average tap gain per step (K 1-5) 


K3=11111 bin Maximum Voltage 
gain of center tap 


Ko,¢ =0111 bin Maximum Voltage 
gain of taps 2 or 4 


K;5 =01111 bin Maximum Voltage 
gain of taps 1 or 5 


Ko4 =011111 bin Maximum Voltage 
gain of taps 2 or 4 


Differential non-linearity 


Integral non-linearity 


Sampler phase matching 


3-182 


Differentially measure 40MHz 
sinewave vp=0.4V at zero crossing 
from edge to edge synchronized by 
TO. 
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Table 231Finite Impulse Response Filter 
Conditions unless otherwise specified: TC3=0, TC24=0, taps Ky;56=0 and K2,=16dec, ZPR=0. 


PARAMETER CONDITIONS' 


TH Droop Average droop 0.25 v diff ® V/us 


Delta droop max to min ? Vins 


dBc 


Set the input to 0.5vp-pdiff @ 31/ 


128*F. with Fg set to max data rate dBc 


Center Tap Distortion 


dBc 


eee ue dBc 
Same as center tap distribution. 


Max EQ Distortion with amplitude set to 0.17vp-pdiff. dBc 
Max peaking © 


dBc 


Vrmsd/ 


4 rss 
CT only VHz 


Vrmsd/ 


Max peaking Hz 


K2 & K4 set to 32, Vin =0.1 Vp-p 
MXBer | itt, K3=8, Fin = Fohannel/2 wa 


2T Boost at Fg/4 ® ae 
K2 & K4 set to 31, vin =0.1 Vp-p di 
MINE ST K3=8, Fin = Fchannel/2 ey 


K1 & K5 set to 16,vi p-p diff, 
K3=8, Fin = F 


CIRCUITS 
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MXBor 1.875 VV 


4T Boost at Fg/4 3° 


K 15, vin =0.1 Vp-p diff, 


MNBor Fi channel/4 


0.664 V/V 


K6 set to 8, vin =0.1 Vp-p diff, 


K3=8, Fin = Fchannel/2 1.5625 VV 


MXBer 
6T Boost at Fg/4 3° 


KO & K6 set to 7, vin =0.1 Vp-p diff, 0.976562 
K3=8, Fin = Fchannel/2 5 


MNBegr VV 


'The part must be placed in test mode and the ac bypass will be used as an input and the FIR out test points used as outputs. The 
sample clock is taken from the external clock input and the frequency can be set for convenience. 

These test should be done at the highest device clock rate. 

3 Set taps K3=8 & K2/K4 = 16 and clear all others 

4 Set taps K3=31, K2/4=32, K1/5=16, & K0/6=8 

5 Relative to the nominal center tap gain 
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Table 232FIR Adaptation Circuit 
Conditions unless otherwise specified: Rrp=2kQ 


ACTST = 3. DRDAC = 31. 

Tap weights = zero gain, except 
Tap 3 = unity gain. 

Integration Slope CLK phase adjusted relative to FIR 
(Up and Down) IN signal to create integrate up, 
down and hold conditions. 

Signal peak measured relative to 
reset value and normalized to 
integration length (12 for INTL='00’) 


ACTST = 3. DRDAC = 31. 

Tap weights = zero gain, except 
Tap 3 = unity gain. 

CLK phase adjusted relative to FIR 
IN signal to create integrate up 
conditions. 

IL+12=INT_e output normalized to 
CLK period. 


Integration Length 


SLINDYID 


ACTST = 0. DRDAC 
Tap weights = cept 
Tap 3 = unity 


Dead Zone Threshold CLK p dj relative to FIR 
(Up and Down) IN.sign ate integrate up, 
nd hold conditions. 


easured when EA goes high. 
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Table 233Viterbei Detector 
PARAMETER CONDITIONS 


Test all possible overwrite paths in 
path memory. Signal into RFSR/ 
RLOWZ, LPFBYP = 1, PDTST = 1, 
VITOWD = 0, 

VIT TH DAC = 45d 


Exhaustive Path Mem- 
ory Overwrite Test 


Signal into RFSR/RLOWZ,LPFBYP = 1, PDTST = 1, VITOWD = 1 


Vit the DAC setting to get error free 


Pattern 1 out of FEDATA test point id 


aT a VIT TH min 
Sliding Window Test (see 
test plan for test defini- in Vit the DAC setting to get error free 
tion) TH_MAX Pattern 2 out of FEDATA test point 


Difference between the 2 DAC set- 
tings 


VIT+H peLta 


Viterbi DAC Differential 
Nonlinearity 
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Table 234Detecting Servo Demodulator 
Conditions unless otherwise specified: test SBA-SBD, fiy = 10 MHz, integration time = 900ns (9 cycles of 10 MHz) 


PARAMETER CONDITIONS 


Servo Input Frequency 


Gain measured over 1/4 to 3/4 of scale ' 
[(Vspx-Vsrer)/Via] SDAC=1000b 3 


Linearity of Vey vs. Vp) measured over 1/8 to 7/8 of scale 7 


Linearity of Vsyo-Vsvr 


measured over 1/8 to 7/8 of scale 2 
vs. Vol 


Output Offset 


i ‘i 2 
(not referred to input) intercept of regressed line 


Output for Zero Input 


Channel A, B, C &D Variation for a common input 
Mismatch % of full scale @ 1/2 of full scale 


SREF Voltage 3.50 


Integrating Cap Decay 


Rate 0.1% of full scale droop in 50us 


CIRCUITS 


Talk % of full scale 


Output Impedance SREF and So 


Demodulator 


Repeatability (52dB) rel ithout external noise 
Power Supply Rejection in = OMHZ, Vp = OV, 


Ratio AVoc of AVeg = 100MV,, 4 


Servo DAC linearity Linearity bits SDAC=1,2,4,8 G% b 
Channel to Channel Cross Effect of A on B etc. \ 


— 
< 
2 
1) 
77) 
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Common Mode Rejection OMHz < fi, < 1MHz 
Ratio Viap = Vien = 100mV,, * 


Total System Gain 
Variation 


[(Vsvo-Vsvr\)/Voil 


| This specification is the slope of the characteristic ratio of a DC voltage out (SBA-SBD) to a peak to peak voltage (sine wave). 
? In addition to the linearity and offset specifications, the output must also be guaranteed monotonic. 

3 SDCA = Servo DAC. 

4 The required demodulator output Signal-to-Noise Ratio (SNR) due to external noise is 49dB. 


over all Vp), SDAG=1000b ° 


1/4 to 3/4 of scale ' vet tee 108 mM 
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Table 235Frequency Synthesizer 
PARAMETER CONDITIONS 


FS_ | foyvoo)=(5292/RR)-(42+DRDAC) 
Ruin_Dmax DR=63, Fomax(2.67k) 
Ruin Duin DR=0, Fomax(2-67k) 
FSVCO Center Frequency | Ryom Duax | DR=63, fomax(4k) 
Ryom_ Duin DR=0, Fomax(4k) 
Ruax Duax | DR=63, fomax(5.11k) 
Ruax Duin | DR=0, fomax(5.1 1k) 


KS_RR_D 


Normalized VCO Gain R 


measured at TP4P/N 


FSVCO Center Frequency | FS_RR_R | fomax/fomin, 
Ratio AT RR=2.67k, 4k, 5.11k 


(fomax/Fomn)/31 = LSB, 
RR = 2.67k, rk, 5.11k 
foideas DPR=127 
DR=0,1,2,4,8,16,32,63 


FSVCO Center Frequency 


P : FSLIN_RR 
Linearity 


RR Voltage Vir_RR 


FSFP Voltage DVisip Vistp-Vistn 


FSEFN Voltage Visfn 
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FSFILT Leakage Current ee 


|sqo=(45,870/RR)*(102.8-DRDAC) 
FS Charge Pump Current cele “S 
d 


Range 


DOWNI/UP FS Charge SQD/ 


Pump Currents SQU lrsqp DOWN) / (lesqp UP) 


VCOgs vit- 


Closed Loop Jitter 
ter 


(lisip = Vistn) = 0, 160 MHz 


k, is 5.05 MHzmA 
Kfgt is the value of the Data Rate DAC word, [0 to 31] 
lner is the reference current being sunk from pin RR in WA, Iper=V_/Rext 


Table 236Timing Response (TR) Loop 
PARAMETER CONDITIONS 


DSFP/N Common Mode 


Vacs VCM_DSF 


— fo(rR)=(5410/RR)-(39.1+DRDAC) 
a D. DPR=1 27, Vasio~ V dsin=O 
aes DR=63, fomax(2.67k) 

min_U in = 
TRVCO Center Frequency Ryom Dax es a 

_ =63, fomax 

oH DR=0, fomax(4k) 
RD, DR=63, fomax(5.11k) 

MKS > MIN DR=0, fomax(5. 11k) 


TRVCO Center Frequency 
Ratio 


Fomax!fomin, 
FTR_AR_RAT | RR=2.67k, 4k, 5.1 1k 
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Table 236Timing Response (TR) Loop 


PARAMETER 


TRVCO Center Frequency 
Linearity 


FTRLIN_RR 


CONDITIONS 
fo/foideal. DR=0, 1, 2, 4, 8, 16, 32, 
63 
Foideal={ (fomax-Fomin)/63]*DR} + 


Fomin 
RR = 2.67k, rk, 5.11k, DPR=127 


VM65060 “eS 


TRVCO Gain 


KTR_RR_DR 


ky = (f(-5) - f(-.5)/Fo 
Dastp-V dstn = +0.5V, DPR = 127 


FS/TR VDCO f, Ratio 


Fs/FTR_RR_DR 


DRDAC = ), 63; 
RR = 2.67k, 5.11k 


TR Charge Pump Offset 
Current 


QPUMP_IOS 


HLD 
TRGNO 
TRGN1 


IDEL mode, HLD=1, Vdsfp- 
Vdsfn=0, 

PE Offset DAC = 00 
CPTST=0 

CPTST=1, TRGAIN=0 
CPTST=1, TRGAIN=1 


TR Phase Offset Current 


PEOS_ 


PEDO_01 
PED1_01 
PEDO_10 
PED1_10 
PEDO_11 
PED1_11 


HLD=1, Vdsfp-Vdsin-0, CPTST=1, 
TRGAIN=1 

PED-=0, PE Offset DAC=01 
PED=1, PE Offset DAC = ta 4 
PED-=0, PE Offset DA 

PED=1, PE Offset one 
PED-=0, PE Offset DA 


TR Charge Pump Gain 
(lgp/Timing Error) 


me VE 


PED=1, { =11 
=" Mode, CPTST=0 


cking Mode: 
GAIN = 0, CPTST =1 
TRGAIN = 1, CPTST =1 


Hold Mode: HLD=1 


Pmult Offset 
Voltage 


Pu ULT_VOS 


DR=0, (Vastp-Vastn)=0, DPR=0, 
VCOIN=TP1, SEL=6 


Imult Offset 
Voltage 


IMutt_vos 


DR=0, (VasiprVasin)=0, DPR=127 
VCOIN=TP1, Sel=6 


Imult Gain 


| muctav_Ruin_Dux 
| muctav—Ruvin_Dun 
| M uttav_R nom_D Mx 
| MU Ltav_R nom_D MN 
| muttav_Ruax_D Mx 
| muctav_R max_Duin 


VCOIN/(Vagip-Vastn): 
VCOIN=TP1, SEL=6, 
Vastp-Vastn = £0.25V, DPR=127 
DR=63, Awax(2.67k) 

DR=0 — Ajym(2.67k) 

DR=63, Aimax(4k) 

DR=0, Armun(4k) 

DR=63, Aiyax(5.11k) 

DR=0, — Ajym(5.11k) 


Imult Gain Linearity 


IMULTLIN_RR 


(Aimax - Aimin)/63 = LSB 

RR= 2.67k, 4k, 5.11k 

Aideai= LSB* DR + Aimin, Ai/Aideat + 
DR=0, 1, 2, 4, 8, 16, 32, 63 
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PARAMETER 


Pmult Gain 


Table 236Timing Response (TR) Loop 


PMULTAV/1 
PMULTAV/4 


CONDITIONS 


TRVCOcontro/TimingError 
Vasip-Vdsin=0, DPR=0 , READ 
mode 

Timing error = +/- 200 mV 
TRBWR=0 

TRBWR=1 


990812 


Pmult Gain Linearity 


PMULT_LIN 


Apwax/127 = LSB, 

Aigeat= LSB* DPR, Ap/Aigeat, 
DPR=1, 2, 4, 8, 16, 32, 64, IDLE 
mode, Force pump UP/DOWN, 


Phase/Frequency Out- 
put Swing 


PFSWING_UP 
PFSWING_DOWN 


IDLE mode, TP1,Sel=1 
Force Pump Up 
Force Pump Down 


Decision Directed P.D. 
Yn,Yn-1 Offset 


YN_VOS 
YN-1_VOS 


VeRlowz-VRisr=0, Vom=4.3V, 
LPYBPY=1, PDTST=1, 
Fclk(FDSP/N)=40 MHz 


Decision Directed P.D. 
Timing Error Offset 


TE_VOS_SELTE1 
TE_dVOS_SELTE 
0 


VRlowz-V rfsr=t/-0.2, Vem= < 
LPYBPY=1, fe le 1, 


Fclk(FDSP/N)=40MH 
SELTE=1 
SELTE=0 


Decision Directed P.D. 
Yn,Yn-1 Gain 


DDPD_YN_GAIN 


ee , Vem=4.3V, 
Sk: 1, 


P/N)=40 MHz 


Decision Directed P.D. 
Threshold 100% 


DDPD_YN-1_GAIN =< 
Vom=4.3V, LPYBPY=1 PDTST=1. 


mn 
160MV 
190MV 


Fclk(FDSP/N)=40 MHz. Mea- 
sured @ YHB/YLB TP3, Sel=4 
VRlowz"V Rfsr=+0.1 6 


VRlowz"V Rtsr=+0.1 9 


Decision Directed P.D. 
Threshold 50% 


3-188 


VTH50_ 


XPB_P75MV 
X1_P75MV 
Xn1_N75MV 
XPB_P95MV 
X1_P95MV 
Xn1_P95MV 
X1_N95MV 
Xn1_N95MV 


Vin = VRiowz-VRtsr Vem=4.3V, 
LPYBPY=1, PDTST=1 
Fclk(FDSP/N)=40 MHz 

Vin =++.075 @XPB/XNB TP4, 
Sel=4 

Vin =+.075 @ X1, TP3, Sel=7 
Vin =-.075 @ Xn1, TP4, Sel=7 
Vin =++.095 @XPB/XNB 
TP4,Sel=4 

Vin =+.095 @ X1 TP3, Sel=7 
Vin =+.095 @ Xn1 TP4, Sel=7 
Vin =-.095 @ X1 TP3, Sel=7 
Vin =-.095 @ Xn1 TP4, Sel=7 
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Table 236Timing Response (TR) Loop 


PARAMETER 


Decision Directed P.D. 
Gain 


DDPD_GAIN 


CONDITIONS 


VRlowz-V Rtsr=00mVppd @ 
10Mhz, Vem=4.3V, LPYBPY=1, 
PDTST=1. Fclk(FDSP/N)=40 
MHz. Adjust Clock delay to zero, 
Timing Error(Te) = Tdzero. Mea- 
sure Timing Error at Tdzero +2ns 
(i.e. +rad/2). 

Kpd= [Te(2ns)-Te(-2ns)] V/rad 


VM65060 “eS 


Closed Loop Jitter 


OF 


TRVCO output, 
sample size=100,000 samples 


k, is 3.98MHzmA 
Kft is the value of the Data Rate DAC word, [0 to31] 
Kpmult i$ the value of the Damping Ratio DAC word, [0 to127] 


Incr is the reference current being sunk from pin RR in PA, Iper=Vi/Rext 
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Table 237Pulse Detector 
PARAMETER CONDITIONS 


Locked CTF_norm_ac 
Voltage 


Measure CTF_norm_ac 


VFA_AGG | V5) = 100mVooq fin = 10 MHz 


450 750 mV 
ppd: 


LPFB=1, VIN = VRLowz = VRFsR Vom = Voc -1.4V. Vary VIN (dc voltage), observe LP/LN = RDS 
output, TSEL = 0 for transition. 


VTHNO DVTH = 0, NVTH = 0 20 

VTHN1 DVTH = 0, NVTH = 1 21.9 
VTHN2 DVTH = 0, NVTH = 2 23.8 
VTHN4 DVTH = 0, NVTH = 4 27.6 
VTHN8 DVTH = 0, NVTH = 8 35.2 
Comparator Threshold VTHN16 DVTH = 0, NVTH = 16 50.4 
Percent of VFA_LAGC VTHN32 DVTH = 0, NVTH = 32 78.9 


VTHPO NVTH = 0, DVTH = 0 20 

VTHP1 NVTH = 0, DVTH = 1 21.9 
VTHP2 NVTH = 0, DVTH = 2 23.8 
VTHP4 NVTH = 0, DVTH = 4 27.6 
VTHP8 NVTH = 0, DVTH = 8 35.2 
VTHP16 NVTH = 0, DVTH = 16 50.4 
VTHP32 NVTH = 0, DVTH = 32 78.9 


Vthres(O)-Vthres(31 /31 = LSB 
Level Threshold Vthin Vthigeai = Fi 


Linearity 


Vth/Vthigea, LTH=1 S 
RDS Pulse Width RDS PW_ | RDS Output Oo 31 ns 


Pulse Pairing PULSE PR Thr s set to 0 10 ns 
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RPOL to RDS delay time | RPOL_RD -10 10 ns 


All dynamic pulse qualifier measuremen erformed with a 10 MHz input sine wave unless otherwise specified. Signal ampli- 
tudes refer to the signal at the input of the pulse qualifier block (the continuous time filter output). 
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AC Characteristics 
Recommended operating conditions apply unless otherwise specified. 0°C < T, < 70°C, 4.5V < VCC < 5.5V 


Table 238Servo Demodulator Timing 


PARAMETER CONDITIONS 


SRST Pulse Width 


DEMOD Pulse Width 


DEMOD Recovery Time 


DEMOD to Corresponding 
Select Clock Delay 


Trailing Edge SRST to 
SBA-SBD Reset Delay 


0.25% of final value ' 


Trailing Edge SRST to 
DEMOD Recovery 


' Load conditions given below. 


SBA O 
40pF max. ———————_»> 


30nH max 
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Table 239Servo System Timing 
Pins: SG, DEMOD sd 


+ 
PARAMETER ONDITIONS 


FSREC Leading Edge to 


Ven Stable Ven Stable within 10% 


Trailing Edge of LOWZ to 


Ven Stable to 10% CAGCD value correct 


Lead, Trailing Edge SG to 


Ven Stable 10% CAGCS or D value correct 


WG Pulse Width 
(given for reference only) 


Table 240Write Precompensation Timing 


PARAMETER CONDITIONS 


X = (0.013-Kyp+0.20-WPCHR).-T 1&3 


WPC Delay X = 0.013-Kyp'T Pattern 2 


Time difference for 2 pulses that start 
Polarity Asymmetry in one direction vs. 2 pulses that start 
in the other 


Jitter 


T is the period of the VCO clock 
WPCHR is the WPC high range bit in serial register 
Kwp is value of the write precompensation DAC word [0 to 15] 
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Digital Backend I/O 


le 9-Tsc > PoE 
ik 4-Tsc >< 5-Tsc ——> >Tsc< 
Serial — F ft 
Clock 
RCLK p 


< Tpe > 


Figure 176 Byte-Wide RCLK with respect to serial clock, Normal 


< 8-Tsc >! a 

<— 41s¢ —s<— 4756 —> Tsc< 
Serial - ; ; ; D4 
Clock 
RCLK 
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« Tpc > 
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a9 
cL 
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Figure 178 Nibble-Wide RCLK with respect to serial clock, Normal 


<— 4-Tsc —><— 4-Tsc —> 


> 2-Tse < > 2-Tsc x Tsc< 
Serial _ i 
Clock 
RCLK “| 

i< Cc > 


Figure 179 Nibble-Wide RCLK with respect to serial clock, Direct Test 
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Table 241Digital Backend I/O Timing 


PARAMETER 


Channel Clock Frequency 


CONDITIONS 


Data Rate=140Mbit/s 


VM65060 “eS 


Parallel Read Clock 
Frequency 


Control Reg Bit DTM=0; Byte-wide 


1/3-F chelk 


Control Reg Bit DTM=1; Byte-wide 


1/8-f chelk 


Serial Channel Clock 
Period 


Data Rate=140Mbit/s 


Data Rate=180Mbit/s 


Parallel Read Clock Pulse 
Width 


at 1.5V points; C_<15pF 


at 1.5V points; C_<15pF 


at 1.5V points; C_<15pF 


Parallel Read Clock 
Period 


Byte-wide, Normal Operation 


Byte-wide, Direct Test 


Nibble-wide, Normal Operation 


Nibble-wide, Direct Test 


Control Signal rise and fall 
times 


20% to 80% 


Recovery time 
Powerdown to fully 
functional 


ro he 
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Parallel Write Timing 
Pins: WG, WCLK or RCLK, NRZ[8:1] or NRZ[4:1] 


Timing Diagrams: 


tHqwg) tswg) tHqwg) tswg) 


NRZ CO | ‘BE | Gi VTE ee 


tuinrz) — tg¢nrz) 


Figure 180 Parallel Write Timing: WCLK, Byte-Wide 


tH (wa) ts(wa) 
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Figure 181 Parallel Write =e 


tHqwg) ts(wa) 


tHqwg) ts(wa) 


NZ | [ere BE YTE BYTE 


tuinrz) — tg¢nrz) 


Figure 182 Parallel Write Timing: RCLK Rising Edge, Byte-Wide 
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tH(wa) ts(wa) 


tHwa) ts(wa) 


MSBILSB 


me! 
aa tHenaitsin 1z) Se 


Figure 183 Parallel Write Timing: RCLK Rising Edge, Nibble-Wide 


tHqwg) tswg) 


tHqwg) tswg) 


BYTE 


= 1z) “te. 


c eve | aye 


Figure 184 Parallel Write Timing: RCLK Falling ae | 


tHwa) ts(wa) 


me ca 


MSB|LSB 


Gas tanetoin 12) a 1z) 


Figure 185 Parallel Write Timing: RCLK Falling Edge, Nibble-Wide 
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Table 242Parallel Write Timing 
PARAMETER CONDITIONS 


w.r.t. WCLK; at 1.5V points 
WG Hold Time 


w.r.t. RCLK; at 1.5V points 


w.r.t. WCLK; at 1.5V points 
WG Setup Time 


w.r.t. RCLK; at 1.5V points 


w.r.t. WCLK; at 1.5V points 


NRZ Hold Time 
w.r.t. RCLK; at 1.5V points 


w.r.t. WCLK; at 1.5V points 
NRZ Setup Time 


w.r.t. RCLK; at 1.5V points 


WM time prior to WM WM = Idle mode or Read mode 
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Parallel Read 
Pins: RG, RCLK, SBF, NRZ[8:1] or NRZ[4:1] 


Timing Diagrams: 


fee 


ee 


Pm me me 
tpz_(nrz) tpp(nrz) tpp(nrz) 


Figure 186 Parallel Read Timing: Byte-Wide 
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= tpp(nrz) tpo(nrz) tpp(nrz) tppz(nrz) 
Figure 187 Parallel Read Timing: Nibble-Wide 


Table 243Parallel Read Timing 


PARAMETER CONDITIONS 


RCLK to SBF falling tPHL(sbf) measured at 1.5V points; C_<15pF 


RG to SBF rising tPLH(sbf) measured at 1.5V points; C_<15pF 


RG to NRZ enabled iPZL(nrz) measured at 1.5V points; C_<15pF 


RCLK to NRZ change tPD(nrz) measured at 1.5V points; C,<15pF 


RG to NRZ disabled tPDZ(nrz) measured at 1.5V points; C_<15pF 


RM time prior to RM tR RM = Idle mode or Write mode 
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SERIAL INTERFACE TIMING 
Table 244Serial Interface Timing 


PARAMETER 


SPCLK period T 


SPEN set-up time TsisPEN) Relative to SPCLK T 


SPEN hold time TH(SPEN) Relative to SPCLK T 


SPEN hi to low to hi 
(Time between successive 
operations) 


SPDATA set-up time T ssppaTa) Relative to SPCLK T 


SPDATA hold time Tu(spDaTA) Relative to SPCLK 7 


SPDATA enable ToeN Relative to SPCLK J 


SPCLK low time Tock Relative to SPCLK 1 


SPDATA disable Topis Relative to SPEN J 


Delay to SPDATA output data 
change 


Tena Relative to SPCLK T 
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wy, 4 TAPE DRIVE CIRCUITS 
KX VTC Inc. 


Value The Customer™ 


Tape Drive Circuits 


V10619 2-Channel, Inductive Head, Read/Only, Differential Preamplifier 4-3 
VT5204 2-Channel, High Performance, Inductively Coupled Ferrite Head, Read 4-7 
Preamplifier 


CIRCUITS 


Ww 
= 
o 
a 
Ww 
o. 
4 
| ol 


VTC Inc., 2800 East Old Shakopee Road, Bloomington, MN 55425, 612-853-5100 4-1 


<, NOTES 


SLINDYID 


+ 
> 
vU 
m 
i=] 
es 
< 
m 


4-2 VTC Inc., 2800 East Old Shakopee Road, Bloomington, MN 55425, 612-853-5100 


990812 


V10619 


DUAL CHANNEL, READ-ONLY 
DIFFERENTIAL PREAMPLIFIER 


August 12, 1999 


FEATURES 


* General 
- Single Power Supply, 5V +10% 
- Very Low Power Dissipation 
- Head Inductance 0.2 - 1 WH 
- 8 Ohms maximum output resistance 
- 14 pin VSOP package 


* High Performance Reader 
- Read Gain = 350 V/V Typical 
- Input Noise = 0.54nV/VHz Typical 


ABSOLUTE MAXIMUM RATINGS 


Power Supply: 
ViGG.. ceadtaagetanadeenadeatedeenedabnanaenedcneacteeraatesnatacen -0.3V to +7V 
Input Voltages: 
Digital Input Voltage, Vin 
Head Port Voltage, Vy, 


-0.3V to (Vo¢ + 0.3)V 
-0.3V to (Veg + 0.3)V 


Output Current: 
RDXPRDY SIG: seestecasconseastndetanciacdsanadetaodieeadetaacntacs -25mA 
Junction Temperature ............ccecceeeeeeceee eee ecceeeeeeeeeenens 150°C 


Storage Temperature, Tstg 
Thermal Characteristics, @y,: 


T4-lead VSOP. scschaccsncugeanddinatnasst esanieeamaneeseenanset 120°C/W 

TO=DaIIMCBGAY sacsazcascinedapanenceaceaendacaadssangieaeiesnecenacd 70 °C/W 
RECOMMENDED OPERATING CONDITIONS 
Power Supply Voltage: 

W Go sthacatnias sancsaccusinanaeacaaatguriaenaneadenanreameacianromnea +5V +t 10% 
Head Inductance, Ly ............ceseseeeceeeseeveeeeeseceeneenes 0.2 to 1H 
Junction Temperature, Ty ............: cece eeeeee eee ee eee 25°C to 125°C 
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BLOCK DIAGRAM 


READ 
Enable [4 


Read Buffer Read Preamp 


NT 


Multiplexer 


Head Select 
DIS 


CIRCUIT OPERATION 

The V10619 addresses up to two, two-terminal inductive 
heads and provides read amplification. Read Mode enable is 
accomplished with the CS pin as shown in Table 245. Head 
selection is accomplished with the HS pin as shown in Table 
246. 

An internal pull-up resistor provided on the CS pin disables the 
device if the control line is opened accidentally. 


Table 245Mode Select 


cs MODE 
0 Read 
1 Sleep 


Table 246Head Selection 


HS HEAD 
0 0 
1 1 
Read Mode 


The read mode configures the V10619 as a low-noise 
differential amplifier. The RDX and RDY outputs are emitter 
followers and are in phase with the "X" and "Y" head ports. 
These outputs should be AC-coupled to the load. 

Note: The RDX, RDY common-mode voltage is not maintained 
in the sleep mode. 


Sleep Mode —_— 
In sleep mode (CS high), most of the circuit is idle and power 
dissipation is reduced to 3mW typical. 
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DC CHARACTERISTICS 


Recommended operating conditions apply unless otherwise specified. 


PARAMETER 


Power Supply Voltage 


CONDITIONS 


990812 


VCC Supply Current 


Read Mode 


Sleep Mode 


Power Supply Power Dissipation 


Read Mode 


Sleep Mode 


Input High Voltage 


Input Low Voltage 


Input High Current 


Input Low Current 


READ CHARACTERISTICS 


Recommended operating conditions apply unless otherwise specified: C, (RDX, RDY) < 20pF, R, (RDX, RDY) = 1kQ. 


PARAMETER 


Differential Voltage Gain 


CONDITIONS 
Vin = 1mVrms, 1MHz 


Bandwidth 


-1dB |Zs| < 5Q, Viy = 1MVp-p 


-3dB |Zs| < 5Q, Viy = 1MVp-p 


Group Delay Deviation 


Over frequency range from 
DC to -10B, Ly = 0, Ry =0 
(-0.5 dB as the reference) 


Input Noise Voltage 


BW = 20M#z, Ly = 0, Ry = 0 


nV/VHz 


Input Noise Current 


pA/VHz 


Differential Input Capacitance 


Vin = 1mVp-p, f = 20-80MHz 


Differential Input Resistance 


Vin = 1mVp-p, f = 20-80MHz 


Dynamic Range Gain Linearity 


AC input where Ay is 90% of gain at 
0.2mVrms input 


Common Mode Rejection Ratio 


Vin = 100mVp-p @ 5MHz 


Power Supply Rejection Ratio 


100mVp-p @ 5MHz on Vec 


Output Offset Voltage 


Steady state read 


RDX, RDY Common Mode Output 
Voltage 


Read Mode 


Single Ended Output Resistance 


f= 5 MHz 


Output Current 


1. Typical values are given at Vcc = 5V and Tay = 25°C. 


AC-coupled load, RDX to RDY 
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SWITCHING CHARACTERISTICS 


Recommended operating conditions apply unless otherwise specified; fpata = 5MHz, Ly = 0.54uWH, Ry = 20Q, 
C, (RDX, RDY) < 20pF. 


PARAMETER CONDITIONS 


CS Unselect to Select Delay CS to 90% 90% of 100mV, 
10MHz read signal envelope 


CS Select to Unselect Delay CS to 10% of 100mvV, 
10MHz read signal envelope 


HSO - HS1 Head-Head Delay HSO - HS1 to 90% of 100mV, 
10MHz read signal envelope 


1. Typical values are given at Vcc = 5V and Ta = 25°C. 


TYPICAL APPLICATION CONNECTIONS 


GND | 
cs 
c| HDOX 
HDOY 0.01HF 
RDY | 
Read 
0.01uF Output Ww 
RDX | = _ 
1kQ t 1kQ a2 
HD1X Il w 2 
£ | ae a= 
HD1Y 7 tO 
HS a 
ie +5V 
z 0.1nF 


Note: The pin placements in the diagram are tentative. The connections shown apply regardless of package variation. 
Application Note: 


* For maximum stability, place the decoupling capacitors as close to the package pins as possible. 
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2-CHANNEL CONNECTION DIAGRAM 


NC 1 14 [4 GND 
HOX [| 2 13 [4 CS 
HOY 3 12 (-] NC 
H1X 4 11 [4 RDY 
H1Y 5 10 (~] RDX 
NC 6 9 [7 HS 
NC 7 8 [] VCC 


2-Channel 
14-lead VSOP 
V10619VSA1 


Specific Characteristics 
See the general data sheet for common specification information. 


PIN FUNCTIONS AND DESCRIPTION LIST 
Description 


Chip Select: 
A high level signal puts chip in sleep mode 
A low level puts chip in READ mode 


Ground 
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Head Select: 
Selects one of two heads 


HnX X Head Terminals 


HnY Y Head Terminals 


RDX-RDY Read Data Output: 
Differential output data 


Vcc +5 volt supply 


1. May be wire-OR’ed for multi-chip usage. 
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V1T5204 


2-CHANNEL, HIGH-PERFORMANCE, 
INDUCTIVELY COUPLED FERRITE 
HEAD, READ/WRITE PREAMPLIFIER 


August 12, 1999 


FEATURES 

* High Performance 
- Rise/Fall Times = 8.5 ns Typical into 2.3 WH Head 
- Input Capacitance = 8 pF Typical 
- Input Noise = 0.72 nV/VHz Typical 
- Head Inductance Range = 1 — 7 wH 
- Voltage Gain = 240 or 375 V/V 

« TTL Write Data Lines 

« Write Current Range 5 — 35 mA 

* Operates From +5V/+12V 

* Power Supply Fault Protection 

* Options Available: 
- WDFF on the Write Data Inputs Connected or 

Disconnected 

- Open Collector or Emitter Follower Output in Read Mode 
- With or Without Switchable Damping Resistor 


DESCRIPTION 

The VT5204 is a high-performance, integrated read/write 
preamplifier designed for a helical-scan head which is coupled 
to the circuit by an inductive transformer. The VT5204 has eight 
head pins which connect to two read heads and two write heads. 
The circuit has one input which allows analog control of the write 
current for the selected write head and two digital inputs which 
allow selection of write/read mode and A/B channel. 

The VT5204 circuit is powered by a +12/+5VDC supplies. The 
circuit is designed to have a power supply fault detect circuit 
which shuts off write current in the event the power supply level 
drops below a unsafe threshold. This protects the data on the 
media from potential transients. If a line should open up, the 
mode select lines will be forced into a high state to prevent the 
device from affecting data recorded on the media. 


CONNECTION DIAGRAM 


NC 1 24,7 NC 
RDX 2 23(—_] RHAX 
RDY 3 22[-7 RHAY 
B/A 4 211] RHBX 
RW 5 20-7 RHBY 
vcc 6 191-1] GND 
VDD 7 18[—] GND 
RWC 8 17[—_] WHAX 
cs 9 16[—] WHAY 
wol 10 15[—] WHBX 
wus 1 14, WHBY 
NC 12 13[-] NC 
2-Channel 


24-lead SOIC 
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BLOCK DIAGRAM 


vec GND wus VDD 
Write 
Unsafe 
Detector 
RW — se RE 
——} Mod 
select Read 3 7 RHAY 
cs \—C} Read Buffer preamp 3B RHBX 
RDX e | d pupy 
RDY 
wo! S Q 
WoI TQ L 
WDFF* 
Write - t——() WHAX 
Current 
Source 2 ied 
|_| @ /-—~o wHBXx 
wic = |-—_© wnsy 
B/A e 
*Option available with no WDFF 
ABSOLUTE MAXIMUM RATINGS 
Power Supply Voltages: 
Vipp: easleseisd seareweesipnabnn eben meena -0.3V to +14V 
-0.3V to +7V 
Write sCurrent (ly) cxaiveecectends nicer nese hanesduadeadetbbecnneneteatenns 35mA 
Input Voltages: 
Digital Input Voltage Viy ........ eee -0.3V to (Voc + 0.3)V 
Read Head Port Voltage Vay ...... eee -0.3V to (Vcc + 0.3)V 


Write Head Port Voltage Vwy 


-0.3V to (Veg + TBD)V 


WUS Pin Voltage Range Vyygs ....-.-.:eseceeeeeeee eee -0.3V to +14V 
Output Current: 

RDX, RDY lo. -sisisntineceteenets suntiibectanestigessasentAnestaceeasy -10mA 

WU Salis sarees a canenadeaneiepaadanacdatmmeceneauee tencuaeranaestacee +12mA 


Junction Temperature,  ...........e cee eeeeeeeee eee ee eeeeees 
Storage Temperature Range 
Thermal Characteristics, Oj,: 


w. 150°C 
65° to 150°C 


24-l6ad: SONG: ~ B.dsc coach tan caneatodacaateaneasdtaantacammesnaaeees 90°C/W 
RECOMMENDED OPERATING CONDITIONS 
DC Power Supply Voltage: 

M pip vsateeaet naan asttasine caatecisinenianiea enna aieratcnadaenataneunnaden 12V + 10% 

NV eGo canecedainadeeaainscedanedehsanahnedatnaareneacteanataaeannanaty 5V + 10% 
Junction Temperature oo... eee eee eee 0°C to 125°C 
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Oy VT5204 


CIRCUIT OPERATION 
The VT5204 addresses the head selected by the digital inputs 


providing write drive or read amplification. Head selection and 
mode control are accomplished with pins B/A, R/W, and CS. 
Internal resistor pullups provided on pins CS and R/W will force 
the device into a non-writing condition if either control line is 
opened accidentally. 


Write Mode 
Write mode configures the VT5204 as a current switch and 


activates the write unsafe (WUS) detection circuitry. Write 
current flows into the “X” head port when WDI is a logical “1” and 


flows into the “Y” head port when WD1 is a logical “O”. 
The write current magnitude is determined by an external 


resistor connected between the WC pin and ground. An 
internally generated 2.5V reference voltage is present at the WC 
pin. The magnitude of the write current (+ 8%) is: 


IW = 50/RWC + 0.5 mA (eq. 202) 
(mA, 0-pk, RWC in k34) 

In programmable write current applications, the proper write 
current level can be selected by using a current DAC or by 
selecting different resistor values using analog switches or MOS 
gates. The magnitude of the write current can also be calculated 
as: 

IW = 20* IWC (eq. 203) 
(mA, 0-pk, IWC is programmed value in mA) 

Power supply fault protection improves data security by 
disabling the write current generator during a voltage fault or 
power supply sequencing. Additionally, the write unsafe 
detection circuitry will flag any of the conditions listed below with 
a high level on the open collector output pin, WUS. 

¢ No write current 

« WDI frequency too low 

* Open head 

* Device in read mode 

* Device not selected 

Two negative write data transitions, after the fault is corrected, 
may be required to clear the WUS flag. 


Read Mode 
Read mode configures the VT5204 as a low-noise differential 


amplifier and deactivates the write current generator and write 
unsafe detection circuitry. The RDX and RDY outputs are 
emitter followers and are in phase with the “X” and “Y” head 
ports. These outputs should be AC-coupled to the load. 

The RDX, RDY common-mode voltage is maintained in the 
write mode, minimizing the transient between write mode and 
read mode. This substantially reduces the recovery time delay 
when switching between write mode and read mode. 


Idle Mode_ 
When GS is high, virtually the entire circuit is shut down so that 


power dissipation is reduced to less than 16mW for a sleep 
mode. 
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Table 247: Head Select 


DESCRIPTION 
No connect (or ground) 


Read amplifier multiplexed differential 
output (X) 

Read amplifier multiplexed differential 
output (Y) 

TTL Digital Control: 

switches between A and B channels 


TTL Digital Control: 
switches between write and read modes 


+5V DC power supply input 


+12V DC power supply input 


Output write current control reference 
(lwe = 20 * Iwe) 


Chip Select: 


CS ='0’, normal operation; 

CS ='1’, enables low power mode 
TTL Digital Write Data: 

WDI = 1’ ly into WHX pin 

Write unsafe 

(flags improper write conditions) 


No connect (or ground) 


No connect (or ground) 


Write head channel B, Y output 


Write head channel B, X output 


Write head channel A, Y output 


Write head channel A, X output 
Ground 

Ground 

Read head channel B, Y input 


Read head channel B, X input 


Read head channel A, Y input 


Read head channel A, X input 


No connect (or ground) 
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DC CHARACTERISTICS 
Unless otherwise specified, recommended operating conditions apply. 


PARAMETER CONDITIONS 
Read Mode 


VCC Supply Current Write Mode 


Idle Mode 


& 


990812 VT5204 “S 


/ 


Read Mode 


VDD Supply Current Write Mode 


Idle Mode 


Read Mode 


Power Dissipation (T, = 125°C) Write Mode: ly = 20mA 


Idle Mode 


Input Low Voltage TTL 


Input High Voltage TTL 


Input Low Current Vii = 0.8V, TTL 


Input High Current Vin =2.0V, TTL 


WUS Output Low Voltage lol = 4mA 


VDD Fault Voltage 


VCC Fault Voltage 


Write protect mode, power 
Write Head Current supply fault or non-selected 
head 


READ CHARACTERISTICS 
Unless otherwise specified, recommended operating conditions apply: C, (RDX, RDY) < 20pF and R, (RDX, RDY) = 1kQ. 
Input source (head), impedance is L,, (typical) = 5uH, Ly (minimum) = 1HH, Ry < 1Q. 


PARAMETER CONDITIONS 
Vin = 1mMVp-p @300kHz 


Differential Voltage Gain 


-10B, |Zs| < 5Q, Viy = 1mMVp-p 
@300kHz 
Bandwidth 


-30B, |Zs| < 5Q, Viy = 1mMVp-p 
@300kHz 


Input Noise Voltage i BW = 15MHz, Ly = 0, Ry = 0 


nV/DHz 


Input Noise Current 


pA/DHz 


Differential Input Capacitance Vin = 1mVp-p, f = 5MHz 


pF 


Vin = 1mVp-p, f = 5MHz, 


Differential Inout Resistance (T, = 25°C) 
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READ CHARACTERISTICS 
Unless otherwise specified, recommended operating conditions apply: C_ (RDX, RDY) < 20pF and R, (RDX, RDY) = 1kQ. 
Input source (head), impedance is L, (typical) = 54H, Ly (minimum) = 1pH, Ry < 12. 


PARAMETER CONDITIONS 


AC input voltage where the gain 
Dynamic Range falls to 90%, Ay @ 
Vin = 0.2mVrms, f = 5MHz 


Vin = Voc + 100mMVp-p @ 
f = 5MHz 


Common Mode Rejection Ratio 


100mVp-p, f = 5MHz on 


Power Supply Rejection Ratio Vop OF Veg 


Unselected channel 
Channel Separation Vin = 100mVp-p, f = 5MHz, 
Vin = OmVp-p selected 


Output Offset Voltage 


RDX, RDY Common Mode Output Read Mode 
Voltage Write Mode 


Single-Ended Output Resistance f = 5MHz 


Output Current AC coupled load 


WRITE CHARACTERISTICS 
Unless otherwise specified, recommended operating conditions apply: ly = 20mA, Ly = 2.3uH, Ry = 1Q and fpat, = SMHZz. 


PARAMETER CONDITIONS 


SLINDYID 


4 
> 
vU 
m 
iw] 
2 
< 
m 


WC Pin Voltage 


Write Current Voltage lwo = 835MA 


Unselected Head Write Current 


Differential Output Capacitance 


Internal damping resistance @ 


Differential Output Resistance 2 5kO 


WDI Transition Frequency WUS = low 


Write Current Range 1430Q< Rwe < 10kQ 


Write Current ERR lw range 5mA to 35mAo-p 


SWITCHING CHARACTERISTICS (see Figure 188) 
Unless otherwise specified, recommended operating conditions apply: ly = 20mA, Ly = 2.3uH, Ry = 19 and fpat, = SMHz. 


PARAMETER CONDITIONS 
Read to Write Mode Delay to 90% lw 


Delay to 90% lw or to 90% of 


Write to Read Mode 100mVp-p output @ 10MHz 


GS to Select Delay to 10% lw 


Delay to 90%, 100mVp-p output 


CS to Unselect @ 10MHz 


Propagation Delay From 50% points, L, = 0, Ry = 0 
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SWITCHING CHARACTERISTICS (see Figure 188) 
Unless otherwise specified, recommended operating conditions apply: ly = 20mA, Ly = 2.3uH, Ry = 1Q and fpat, = SMHz. 


PARAMETER CONDITIONS 


Revieainiestt Duty cycle 50% WDI, 1ns rise/fall 
. y time, Ly = 0, Ry=0 


Ly = 2.3uH, Ry = 1Q, internal 


Head Current Rise/Fall Time damping resistance 2.5kQ 


Output Current Rise/Fall Time Ly = OWH, Ry = Q 


POW VE PS | 


| tos \ 
HEAD _ 
CURRENT (lw) 


Figure 188 Write Mode Timing Diagram 
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VC4005 +5V to -5V DC Power Converter 5-3 
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ADVANCE INFORMATION 


VC4005 


+5 VOLT TO -5 VOLT 
DC VOLTAGE CONVERTER 


990812 August 12, 1999 
FEATURES CIRCUIT OPERATION 
* General The VC4005 is a high efficiency, switched capacitor voltage 


— 8pin SOIC package 
— Inverts input supply voltage (+3V - +5.5V) 
— Very low power dissipation 
— 200mA supply current capability @ Royt = 3.52 
— High efficiency conversion factor 
(Typically 85% @ 200mA with V\y = +5.0V) 
— 3Q typical output resistance 


¢ Applications 
— Disk drives utilizing dual-supply preamps 
— Laptop computers 
— Dual supply op-amp power supplies 
— Interface power supplies 
— Medical instruments 
— Cellular phones 


BLOCK DIAGRAM 


Oscillator 


FC OSC 


Switch Driver 


Level Translator 


Switch Driver 


ABSOLUTE MAXIMUM RATINGS 


Input Voltages: 

Mini chnecescntabasteacesuneeed snjceesncecamccteaaceoaastencnnotesnons 
Junction Temperature 
Storage Temperature, TStg ............:::c:eeeeeeeeeeeee 
Thermal Characteristics, Oj,: 

SAlAd:S OMG ras wcisectaindssenaatectash calnadadvanchsaetacebshongeeaueaa 80°C/W 


RECOMMENDED OPERATING CONDITIONS 


Input Voltages: 


Winiiseccussteseatitecctusacaadeabneamennedirautaneaceameantand +3V to +5.5V 
Switch Capacitors 20.0.0... cece cee eeeee eee eee eee eeeeeeeeeeee see page 6 
Junction Temperature, Ty ............: cece ceeee eee eens 25°C to 125°C 
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converter which inverts the voltage on Vj (+3V to +5.5V) to Voyr- 
It is capable of 200mA of supply current for applications 
requiring higher than standard currents such as dual supply 
preamps for hard disk drives. The VC4005 is also suitable for 
other dual supply applications such as those listed above. The 
VC4005 is available with various switch frequencies to best suit 
the application 


Operational Mode 
The VC4005 contains four large CMOS switches (S1 - S4) 


which invert the input supply voltage by switching in a specific 
sequence. Energy transfer and storage are provided by external 


capacitors as shown in “Typical Applications” on page 5. 
The voltage conversion sequence has two distinct steps: 


38) When S1 and S3 are closed, C1 charges to supply 
voltage V+. S2 and S4 are open during this time interval. 
39) When S2 and S4 are closed, C1 charges C2. S1 and S3 
are open during this time interval 
After several cycles, the voltage across C2 rises to V+. 

The output at the cathode of C2 equals -(V+) because the 
anode of C2 is connected to ground (assuming no load on C2, 
no loss in the switches, and no ESR in the capacitors). The 
charge transfer efficiency depends on the switching frequency, 
the on-resistance of the switches, and the equivalent series 
resistance (ESR) of the capacitors. 


PIN FUNCTION LIST AND DESCRIPTION 


NAME I/O DESCRIPTION 
Vin | Input voltage to be inverted. 
Vour O Output voltage (C2 positive connection) 
FC | Frequency control: 
+ FC =open, fogce = 200 kHz. 
* FC =+V, fogc = 400 kHz. 
* FC has no effect when OSC pin is driven 
externally. 
* FC must be tied either high or low during 
operation 
CAP+ I/O C1 positive connection 
GND Power ground 
CAP - /O C1 negative connection 
OSC | Oscillator control input: 
* Internal 15 pF capacitor. 
* Connect an external capacitor to ground 
to lower switching frequency. 
¢ Drive with external oscillator to adjust 
switching frequency. 
LV Logic ground 
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DC CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 
PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Input Voltage Vin R, = 1KQ 3.0 5.0 5.5 V 
Power Supply Power Dissipation Operational Mode 56 TBD mW 
Supply Current la No Load 3.5 11 mA 
Input High Voltage Vin 2 Voc +0.3 V 
Input Low Voltage Viv -0.3 0.8 V 
Input High Current lin Vin= Vin 80 LA 
Input Low Current lit VL=OV -160 HA 
NORMAL OPERATION CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 
PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 
Output Resistance Rout’ |, = 200 mA 3.5 8 Q 
Output Current lo Vour 2 “Vin 200 mA 
OSC open, FC = GND TBD 200 
Oscillator Frequency Fosc KHz 
OSC open, FC = +Vin TBD 400 
f = 200 kHZ TBD +15 
Oscillator Input Current losc LA 
f = 400 kHz TBD +30 
R, = 500Q between +V and 
7 OUT TBD 96 ° 
Powe EMiciency PEFF | |, =200mA to GND TBD 86 e 
Vin = +5.0 V 
Voltage Conversion Efficiency VCEFF No Load TBD 99 % 


1. Royr includes internal switch resistance and capacitor ESR. 


VTC Inc., 2800 East Old Shakopee Road, Bloomington, MN 55425, 612-853-5100 


YY, 
VC4005 wS 


990812 


TYPICAL APPLICATION CONNECTIONS 


+3V to +5.5V 
Vin J 
Vop or = FC IN 
CAP+ osc | 
ees 
C1 —— ———| GND LV 
V 
ORES Vout | : 
—— C2 
: 


The approximate output of this circuit can be characterized as an ideal voltage source in series with a resistor. The voltage source 
equals -(V+). The output resistance Royz is a function of the ON resistance of the internal MOS switches, the oscillator frequency, and 
the capacitance and ESR of C1 and C2. Since the switching current charging and discharging C1 is approximately twice the output 
current, the effect of the ESR of the pumping capacitor C1 is multiplied by four in the output resistance. The output capacitor C2 is 
charging and discharging at a current approximately equal to the output current, therefore its ESR only counts once in the output 
resistance. A mathematical approximation is: 


2 


+4ESR.,+ ESR 
ae Cl C2 


Rour= 2Rswt 


Note: Roy is the sum of the ON resistance of the internal MOS switches shown below. 
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OSCILLATOR ; > CLOCK GEN 


High value, low ESR capacitors will reduce the output resistance. Instead of increasing the capacitance, the oscillator frequency can 
be increased to reduce the 2/(fog¢ x C1) term. Once this term is trivial compared with Rey and the ESRs, further increase of the 


oscillator frequency and capacitance becomes ineffective. 
The peak-to-peak output voltage ripple is determined by the oscillator frequency, and the capacitance and ESR of the output 


capacitor C2. 


eee 
Vispie = Tipe, +2x I, x ESR cy 


Note: Use of alow ESR capacitor reduces voltage ripple. 
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PIN ASSIGNMENTS 


VC4005 8-lead SOIC 


FC 1 8 Vin 

CAP+ 2 7 (_) osc 

GND 3 VC4005NOA1 5 4 Lv 

CAP- 4 5 (7 Vout 
Specific Characteristics 
See the general data sheet for common specification information. 
NOTES 
76) To achieve maximum frequency (400/200 KHz) minimize parasitic capacitance on the oscillator input by not bonding-out the 

oscillator pin. 


77) To turn off the converter, drive the oscillator pin to GND or Vgc. 
78) Use of 10uF, low equivalent series resistance (ESR) capacitors are suggested for C1 and C2. Suppliers/products include: 


Supplier Part No. Type Value 
Murata GRM230 Y5V 475 Z16 Ceramic 4.7 uF 
GRM235 Y5V 685 Z16 6.8 WF 

GRM235 Y5V 106 Z16 10.0 WF 

GRM235 Y5V 226 Z10 22.0 uF 

Taiyo Yuden LMK316 BJ 335 ML Ceramic 3.3 WF 
LMK316 BJ 475 ML 4.7 uF 

JMK316 BJ 106 ML 10.0 WF 

LMK325 F 226 ZN 22.0 uF 

AVX TPSC226 * 016 # 0375 Tantalum 22.0 WF 
TPSC336 * 016 # 0300 33.0 UF 

TPSC476 * 016 # 0350 47.0 uF 

TPSC476 * 016 # 0250 47.0 uF 

Sprague 593D335X 035C20 Tantalum 3.3 WF 
593D475X 035C20 4.7 uF 

593D685X 035C20 6.8 WF 

593D106X 035C20 10.0 uF 

593D226X 035C20 22.0 uF 

593D476X 010C20 47.0 uF 


1. Supplier telephone numbers are: Murata 800-831-9172, Taiyo Yuden 800-348-2496, AVX 803-448-9411, Sprague 207-324-414. 


For best performance, place the capacitors as close as possible to the VC4005. The resistance of the printed circuit board (PCB) 
will add to the ESR of the capacitors, which reduces the output voltage and efficiency of the VC4005. 

79) The test circuit contains capacitors C1 (TBDuF) and C2 (TBDuF) and ESR (TBD). Capacitors with higher ESR will increase the 
output resistance, which decreases the output voltage and efficiency of the VC4005. 
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Application Notes 


1. Phase Lock Loop Application Fundamentals for Hard Disk Drives 
2. Automatic Gain Control Technique for Hard Disk Drives 

3. Using VTC Serial Loader Software 

4. Using the Adaptive FIR Control for the VM65015 

5. Flex Circuit Layout Guidelines 

6. Demystifying Noise Specifications for Data Storage Preamplifiers 
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APPLICATION NOTE 


PHASE LOCK LOOP APPLICATION 
FUNDAMENTALS FOR DISK DRIVES 


August 12, 1999 


SUMMARY 

Phase-locked loops (PLLs) are widely used in disk drives to 
recover the READ clock and to generate the WRITE clock at a 
variety of frequencies as needed for zoned-density recording. 
Such PLLs have off-chip components such as capacitors and 
resistors as well as on-chip registers (for division ratios, DAC 
inputs, etc.), which allow performance to be tailored to a given 
set of requirements. This application note describes typical PLLs 
in hard disk drives, how to select external components and 
internal register values, and the trade-offs and optimizations that 
a user will need to understand when designing with PLLs. 


INTRODUCTION 

The reading of data from a disk drive is an asynchronous 
operation. The rotation of the disk is not synchronized with the 
system clock and the pulse peaks representing flux reversals 
can have any phase with respect to the system clock. It is 
necessary to extract a read clock from the data itself. The read 
clock establishes the timing of proper bit-cell boundaries, and is 
used to determine the bit value (0 or 1) within each read-data 
window. Read clock extraction is done using a phase-locked 
loop which employs negative feedback to force a voltage- 
controlled oscillator (VCO) to be in synchronism with the read 
signal. 

Most disk drives use zoned-density recording (ZDR) today. 
The disk rotation rate is fixed, but a higher data frequency is 
used near the outer diameter (OD) than at the inner diameter 


(ID) such that the physical width of a bit cell is kept 
approximately the same over the whole disk area. A zone is 
defined between two radii r,; and rz, and a typical drive will have 
from four to twenty zones in all. The write frequency is constant 
within a given zone. This requires different write frequencies be 
generated in each zone. For this purpose a type of phase-locked 
loop called a frequency synthesizer is used to derive multiple 
output frequencies from a single input frequency. 

This report describes phase-locked loops in the form 
commonly used in disk drives, and includes a systematic 
mathematical analysis of PLL loop dynamics in both the time 
and frequency domain. Then two types of applications are 
described (data separators/synchronizers and frequency 
synthesizers); the selection of the user-specified parameters 
(capacitors, resistors, divider ratios, etc.) is discussed in terms 
of the performance objectives for each device. 

The scope of this application note is limited to the common 
concerns of disk drive designers. Phase-locked loops are a large 
subject and several excellent texts exist which cover details 
beyond the scope of this report. References can be found at the 
end of this report. 


PLL BASICS: TIME DOMAIN 

Figure 1 shows a generic phase-locked loop with a lead/lag 
loop filter (R, C,, Cz). The input frequency is f, and the output 
frequency is f,. f, is locked to have some exact ratio to f;. The 
input may be a crystal-controlled reference frequency, a 


€ 
| he 
fa Loop 
fi , +A , + Phase-Freq. Charge —_ Filter Vin vco 
fB Detector Pum hd ? K fo 
(synthesizer) | = P rie Vv 
| ‘out R 
! Delay | ' ° 
k- Cell 4 Cy Co 
(data separator) 
f ! 


Phase Detector Output 


Charge Pump Output 


reference clock from the servo PLL, or it may be digital data from which a clock is to be extracted. 
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Figure 1 General model for a charge-pump phase-locked 
loop with a lead/lag loop filter 


For a Frequency Synthesizer: 

In a frequency synthesizer, the input frequency is divided by A, 
which is an integer, using a digital frequency divider. This 
produces a frequency f, at the positive input to the phase- 
frequency detector. 


(eq. 1) 


The VCO output frequency is similarly divided by an integer B, 
producing a frequency fg, which is fed into the negative input of 
the phase-frequency detector. 


(eq. 2) 


The phase-frequency detector puts out a string of pulses with 
a width t,, equal to the time difference between the rising edges 
of f, and fg, which is fed into the charge pump. The charge pump 
puts out a similar string of current pulses of width t, and 
amplitude |, which are fed into the loop filter. The current pulses 
can be positive or negative depending on the phase relation 
between f, and fg. This current is averaged over many cycles by 
the loop filter capacitors. Thus, in the steady state (or locked) 
condition where time periods are long compared to T = 1/f, = 1/ 
fg, we can represent the current by its average value: 


Te, 
Live = 1) 


The value of I, is user-controlled in most cases. The loop filter 
stores the charge pumped by the charge pump on capacitors C, 
and C, (ordinarily C; >> C,) and in the steady state, produces a 
voltage V;, given approximately by: 


(eq. 3) 


V4. = (& [vest (eq. 4) 
Note that in this simplified discussion we treat the filter as a 
capacitor (neglecting R and C,). In a real PLL, the resistor R is 

used to put a zero into the transfer characteristics which 
improves stability. If the loop had only R and C, the stability 
would be OK, but the pump current would produce a very large 
instantaneous voltage drop across R putting a voltage spike into 
the VCO and causing problems. Capacitor C, is added to reduce 
these voltage spikes. 

Thus, the VCO converts its input voltage Vj, to an output 
frequency f, with a transfer gain of Ky given by: 


(eq. 5) 


The output frequency f, is divided by B to complete the loop. 
This arrangement can be thought of as a negative feedback 
scheme. The phase-frequency detector produces an error signal 
proportional to the phase difference between f, and fg. The loop 
filter and VCO are connected so as to force f, and f, to be in 
phase. With ideal components, the phase difference is forced to 
exactly zero. 
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To get a better understanding of the situation consider the 
case where f, and fg are out of phase, with f, leading fg, as 
shown in the timing diagram of Figure 1. The phase-frequency 
detector output turns on the charge pump for a time t, pumping 
a charge Q, into the loop filter with a value of: 


Qo = Ipte (eq. 6) 
This charge increases the voltage at V,, by: 
AV = 2 (C,>>C,) (eq. 7) 
and f, will increase by: 
Af = KyAVin (eq. 8) 


With the frequency increasing, the rising edges of fg will now 
occur earlier in time. This causes the next t, pulse to be shorter 
and the process continues until t, = 0 (at which point f, and f, are 
in phase), |... = 0, and Vj, is constant in time. A similar argument 
can be made if f, lags fg. Since f, and fg are equal in phase and 


frequency: 
fo = (E}s 


This is the basic frequency synthesizer equation. A very large 
number of output frequencies can be produced by simply 
changing the frequency division ratios A and B. 


(eq. 9) 


For a Data Separator: 

The model presented above can represent a data separator 
(data synchronizer) PLL if we set B to 1 and replace the divide- 
by-A block with a delay cell (as shown with dashed lines in 
Figure 1). 

The input to a frequency synthesizer is always a square wave 
and the loop will align every “Ath” data input edge with every 
“Bth” VCO edge. In a data separator the data input is no longer 
a square wave but a data stream where logic 1's are represented 
by the leading edge of positive pulses and logic 0's are 
represented by a flat ‘0’ level with no edges. The delay cell 
allows the phase/frequency detector to be activated on the rising 
edge of the input, comparing the edge of the VCO with that of the 
delayed data edge. The phase/frequency detector is said to 
operate in “phase only” mode with this method. This allows the 
loop to update only when necessary, and only when reading 1's. 
Otherwise the loop would try and align each edge of the VCO 
with each edge of the data, which would lead to a huge 
frequency error in the VCO. 

Since the loop now updates only when logic 1's are read, if a 
long string of 0's occurs in the data the loop will never update 
and possibly drift in frequency. Because of this fact, run-length 
limited (RLL) codes are used where the number of consecutive 
0's in the data is limited. For (1,7) code there must be at least 
one 0 separating 1's, and there may be no more than seven 0's 
separating 1's. 

Since the loop doesn't update on 0's, VCO edges 
corresponding to the 0's are ignored by the loop. This has the 
same effect as having a bigger B divider and thus the same 
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model for the frequency synthesizer can be used for the data separator if we allow the value of B to be changed. 


Pump_UP 
REF (data) 


Figure 2a 
Pump_DOWN 


VCO 


REF (data) —] >- 
Pump 
Figure 2b VCO 


Figure 2c To Filter 
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| al 
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Figure 2 Typical circuitry in PLL blocks. (a) Phase-frequency detector. (b) Phase detector. (c) Charge pump. (d) Voltage- 
controlled oscillator. 
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PLL BLOCKS 

It is desirable that the user of PLLs have an idea of how the 
main circuit blocks work at the transistor level. In this section we 
give typical simplified schematics of phase detectors, charge 
pumps, and voltage-controlled oscillators (VCOs). 


Phase Detectors 

Phase detection is generally done using logic circuits. Such 
digital circuits handle phase as an analog quantity by using 
pulse width as an analog variable. The most commonly used 
phase detector is shown in Figure 2a and is a phase-frequency 
detector (see reference [3] for additional information). 

The reference input! is fed into the clock input of one edge- 
triggered D flip-flop and the VCO output is fed into the other. The 
true outputs are ANDed together and fed back to asynchronous 
reset inputs for both flip-flops. To understand the circuit 
operation, first consider the situation where the rising edges of 
the VCO pulses arrive later than those of the reference 
frequency. This means that the VCO phase is lagging, and we 
need to increase its frequency to catch-up. Assume an initial 
state where both flip-flops have Q = 0 (the usual case). The 
reference rising edge arrives first and causes the Q output of the 
upper flip-flop to go to a ‘1’. This signal is called Pump_UP and 
is used to turn on a current source which feeds current into the 
filter. The rising edge of the VCO output arrives later and causes 
the lower flip-flop to be set to Q = 1. This causes a ‘1’ to appear 
at the output of the AND gate, which feeds back to return both 
flip-flops to the initial Q = 0 state and turns off the Pump_UP 
current source. The cycle then repeats. 

It is obvious from this description that the position of the 
waveform edge is the only thing that counts here, and that the 
phase error is in-effect sampled once per edge. 

This type of phase-frequency detector has a practical problem 
when the phase error is very small. In real flip-flops the Q output 
will not get fully flipped before the reset action comes around. 
This is described as a dead band which happens with nearly 
zero phase error and can cause erratic operation. One solution 
to this problem is to insert extra gate delays after the AND gate 
so that in the locked condition, both pump-up and pump-down 
pulses are of finite, but equal width. With the averaging effect of 
the filter, the pulses will cancel each other out. 

Figure 2b shows an alternative type of detector called a phase 
or phase-only detector (see reference [3] for additional 
information). It is simply an exclusive-OR gate. Here the single 
output is used to cause a pump-up condition when ‘1’ or a pump- 
down condition when ‘0’. The steady-state condition of the circuit 
occurs when the pump-up and pump-down pulses occur with 
equal duty cycle and this can only occur when the two inputs 
(VCO and REF) are 90° out of phase (i.e., shifted by T/4, where 
T = 360°). 

The phase-frequency detector has the desirable property that 
it shows little tendency to lock on harmonics (see reference [3] 
for additional information). 


Charge Pumps 

A typical charge pump circuit is shown in Figure 2c. The U and 
D inputs and their complements are the Pump_UP and 
Pump_DOWN outputs of Figure 2a, suitably level shifted. The 


1 This input is the reference frequency for a synthesizer or the data for a data sep- 
arator. 
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pump current is generated by the current sources Q1, Q2, R1, 
R2 and is controlled by the CURCTL analog input which allows 
the value of the pump current to be changed (DAC-controlled, 
for example). In the normal condition (U = D = 0), the pump 
current is steered to VCC through Q4 and Q6, but when either U 
or D is high it is fed to one of the current mirrors (Q7, Q8 and Q9, 
Q10). The Pump_DOWN current is again mirrored by Q11-Q13 
so that it turns on a current sink. The up and down pulses are 
then combined at the collectors of Q11 and Q8 and this net 
current is fed to the filter. 

This circuit has a number of non-ideal features. The collector 
currents of Q8 and Q11 must match exactly for ideal operation. 
If they do not, a steady-state phase error will occur. But in reality 
component mismatches of this sort cause only small deviations 
from this condition. The pump-down current must pass through 
the extra mirror Q11-Q13 and this has a small effect on current 
matching and current switching dynamics. The collector currents 
of Q8 and Q11 are not completely independent of the DC voltage 
at the filter (the Early effect) and this is an additional source of 
error. Practical charge pumps often contain additional circuitry to 
cancel or correct these errors. In general, charge pumps work 
much better if fast PNP transistors are available in the process. 


vcOs 

The circuit of Figure 2d is often called an emitter-coupled 
multivibrator and is very widely used for VCOs (see reference [6] 
for additional information). The current sources Q1, Q2, R1, R2 
set up two equal currents Io, with the value of the current 
controlled by the voltage FRQCTL which comes from the filter 
output. In the two half-cycles of circuit operation there is current 
through R5 and not through R6 or vice versa. Let us begin by 
assuming a state where there is current in R5, and none in R6. 
R5 has a relatively high value, so some of the collector current 
of Q5 flows through D1, which effectively clamps the voltage at 
the base of Q7 at Voc - Vpe. Thus the base of Q5 will have a 
potential about V,. higher than Q6. Both currents Io pass 
through the emitter of Q5, one directly and the other through 
timing capacitor C;. As current passes through Cy, it is gradually 
discharged and the potential at the emitter of Q6 ramps down, 
eventually becoming low enough that Q6 can turn on. When this 
point is reached, there is a very rapid regenerative (positive 
feedback) switching event which flips the circuit to the other half- 
cycle. A half-cycle requires that a current Io change the voltage 
across Cy by 2V,,, so that period T = 1/f = 4V,.C7/Io. Note that 
the frequency is proportional to the current Ip (and also 
FRQCTL) — important for a linear PLL. The inherent 50% duty 
cycle of the complementary outputs from this circuit is a 
desirable feature. 

The VCO circuit as shown has a few problems. For one thing 
the frequency is temperature-dependent through V,,(T). There 
are also tolerance questions since the VCO center frequency 
must be controlled to fairly close limits. Practical VCOs of this 
class incorporate additional circuitry for wide-range 
temperature-independent operation. There is often extra 
circuitry which can freeze the VCO in one half-cycle, so that it 
can then be started in synchronism with a detected read-data 
edge thus shortening the lock-on transient (this feature is called 


2 Oftena unity-gain buffer is placed between filter and VCO, designed in such a 
way as to drain minimal current from the filter capacitors during a hold condition. 
Otherwise the filter would have to supply base current for Q1 and Q2. 


VTC Inc., 2800 East Old Shakopee Road, Bloomington, MN 55425, 612-853-5100 


990812 


zero-phase restart). Another important feature is input clamping. 
The circuitry must be designed in such a way that the frequency 
can vary only between two values f, and fy. If the frequencies are 
too low (e.g., too-low FRQCTL values), the oscillator may simply 
stop oscillating, and there may be no recovery from this extreme 
nonlinear condition. If the allowed range is too broad, there is a 
potential for locking onto harmonics with equally disastrous 
results. 

Early data separators had capacitor C; off-chip so that it was 
user-selected. Today most integrated PLLs have C; on-chip so 
that a much lower C; value can be used and power saved. With 
fast-switching transistors, on-chip VCOs usable to beyond 300 
MHz have been built. 

When very low phase jitter is desired (as in a frequency 
synthesizer) great care must be taken to prevent crosstalk (e.g., 
from clocks, switchmode power supplies, etc.) from the VCO to 
extraneous signals. This requires good chip design, careful 
board layout, and bypassing by the user. 


DATA SEPARATION 


The Use of Codes. 

As noted above, the coding scheme for data written on a disk 
must ensure that there is at least some minimum number of 
transitions (flux reversals) per unit time. Without readout peaks 
the data separator soon loses track of the correct phase of the 
read clock and will give erroneous results when it hits data again. 

The most common code in use today is the (1,7) code. There 
are several versions, all of which obey the rules given below: 

* Two input (NRZ) bits are encoded as 3 output bits. 
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« ‘1’ bits must be separated by at least one ‘0’ bit. 
« There can be no more than seven ‘0’ bits separating ‘1’ bits. 


Such codes are often referred to as RLL (Run-Length Limited) 
codes since the “no-more-than-7-zeroes” constraint imposes a 
limit on the length of runs of same-type symbols. 

From the viewpoint of PLL operation, the data in an RLL input 
stream differs fundamentally from the square-wave input of a 
frequency synthesizer. The positions of ‘1’ and ‘0’ symbols are 
random and the data contains many different frequencies. So, 
steps must be taken in design to ensure that phase comparisons 
are made only where a transition (edge) occurs in the data. 


Data Separator Block Diagram 

Data separator PLLs take the general form described for 
frequency synthesizers, but have some additional features. 
Figure 3 shows a generic data separator PLL. The basic PLL is 
at the upper right. The RD_GATE signal is used to control 
switches S1 and S2. 

During write operations the read PLL is on standby and gets its 
input from the reference clock (S1 in lower position and S2 in the 
upper position). This keeps the PLL locked at about the right 
frequency so that it can rapidly switch to reading upon command 
(i.e., without a long settling transient). 

In read mode, the phase detector D inputs are driven by the 
undelayed read signal and the clock is driven by the delayed® 
read signal, which has the effect of suppressing phase 


3 The data is delayed by T/3 relative to the NRZ period or T/2 relative to the coded 
data period for optimal window centering of the PLL. 
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Figure 3. A typical clock recovery PLL (data separator or read PLL) 
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comparisons when there is no edge. This corresponds to S1 in 
the upper position and S2 in the lower position. This has the 
effect of enabling the phase detector only when logic ‘1’ input 
edges are read, and disabling the loop when zeroes are read. 

During certain operations such as seeks, there are times when 
the data separator PLL is idle but one would like to keep the 
same frequency so as to be able to lock again rapidly. This is 
done using the coast mode or hold mode controlled by switch 
S5. In the down position shown the PLL operates normally. In 
the up position (the coast mode) the loop filter capacitors are 
isolated and hold the VCO frequency as a stored charge. There 
is a certain slow bleed-off of charge due to base currents and 
low-level leakages which leads to errors in the frequency and 
limits the length of time over which the VCO remembers its 
frequency. 


Lock Acquisition; Preambles; Zero-Phase Restart 

The data separator reacquires the read clock at the beginning 
of each sector. The sector header information contains a region 
of constant-frequency data (such as repeating “001” symbols) 
during which the PLL acquires the clock. This is called the 
preamble. Often the charge pump current |, is temporarily 
increased during the preamble to promote faster lock (wider loop 
bandwidth). 

Because the data separator PLL has been locked to the 
reference clock when idle, it is at about the right frequency when 
it hits the preamble. However, it may begin the lockup transient 
with a substantial phase error. In order to promote rapid clock 
acquisition, a zero-phase restart signal is generated within the 
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chip. When RD_GATE is asserted the restart control logic looks 
for edges in the preamble data. It then issues a zero-phase 
restart command to the VCO which momentarily freezes it ina 
‘1’ or ‘0’ state and then releases it with a definite phase (usually 
nominally zero) simultaneously with a data edge. This greatly 
aids in fast clock acquisition. 


The Read Window; Window Margin; Marginalization 

The data separator PLL is set up to align the rising edges of 
the recovered read clock with the rising edges of the data 
coming from the pulse detector. Ideally, the decision circuit (or 
“data standardizer”) at the bottom of Figure 3 will work correctly 
if the data edge is anywhere within the read window shown in 
Figure 4a (the ideal case). It is possible to get a non-centered 
window as shown in Figure 4b in the pulse detector circuitry for 
a number of reasons — finite propagation delay in the decision 
circuit logic, imbalance in internal signal lines, offsets and other 
problems (e.g. pulse pairing, mismatch of the UP and DOWN 
currents in the charge pump). The amount of early or late 
mistiming (bit shift) of the data edges which can be tolerated 
without an error is referred to as the window margin. 

Another important problem is jitter, as shown in Figure 4c. This 
picture is what would be seen if one looked at the data separator 
output while triggering on the recovered clock. This jitter arises 
from a number of causes such as noise in the read signal or 
noise in the VCO and loop filter. If there is too much jitter for an 
acceptable BER (Bit Error Rate), changes may need to be made 
in bits/inch or preamplifier and head components. 
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Figure 4 A typical clock recovery PLL (data separator or read PLL) 
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The window centering error shown in Figure 4b can be 
compensated for by what is called marginalization. In normal 
PLL operation, switches S3 and S4 are in the up position, so that 
the decision circuit operates directly on the clock and data. 
When the marginalization is active, two DAC-controlled delays 
are inserted before the decision circuit, with the DAC values 
being set by on-chip serial register bits. This allows the user to 
skew the timing deliberately either way. As a diagnostic tool, this 
allows the drive designer to determine the earliest and latest 
edges which lead to a given error rate, thus allowing window 
centering to be determined. The marginalization feature can also 
be used in an adaptive scheme in which a calibration procedure 
is done for each head. In this way, the optimum marginalization 
delay can be individually set for each head. 


FREQUENCY-DOMAIN DESCRIPTION OF A PLL; 
OVERSHOOT AND STABILITY 


In our simple time-domain analysis of the PLL in Figure 1 we 
neglected the effects of C; and R as nonessential to a basic 
qualitative explanation. In reality all three filter elements are 
necessary for satisfactory operation. A full analysis of the charge 
pump PLL including a description of the action of the lead-lag 
filter requires a more rigorous treatment of the PLL and that is 
provided here. 

In the simple picture treated earlier (neglecting R and C,) we 
saw that if f, leads fg the negative feedback action will steadily 
increase the VCO frequency until the phase difference is zero. 
Actually, when the phase difference has reached zero, the VCO 
frequency will be substantially higher than its steady-state center 
frequency, f,. Thus, the phase will continue to decrease and 
pass through the zero-phase point, becoming negative, anda 
new correction cycle will begin. If the loop filter is only a 
capacitor, the PLL exhibits substantial overshoot in its phase 
dynamics. The additional filter elements R and C, allow the user 
to control this overshoot and optimize the phase dynamics‘. 

We will assume that the loop is running near its center 
frequency, f,. We also assume that any changes in the input 
phase difference or the VCO frequency occur slowly enough that 
fg and f, differ by only a small amount, but can have any phase 
relationship. Phase can be thought of as the relative position of 
the rising edge of one signal as compared to a second signal, 
divided by the period T (T = 1/f, = 1/fg). 

A PLL of this kind is a sampled-data system. The phase is only 
defined at the edges of the f, and f, signals (see reference [1] for 
additional information) In our analysis we are in effect making a 
continuous approximation that the highest frequencies in the 
behavior of the loop dynamics are much lower than the center 
frequency, or equivalently, that the bandwidth of the loop filter is 
much lower than the center frequency. In Nyquist terms, we are 
assuming that there are many samples per period for the 
shortest period in the loop response. Most practical PLLs 
operate in this regime. At the same time we are in effect 
considering only the linear behavior of the system so that the 
ordinary ideas of linear system theory apply. With large phase 
and frequency deviations the system will show nonlinear 


4 The frequency and phase in a PLL behave like the displacement and momentum 
of a simple mechanical oscillator and many analogies can be drawn. In most 
practical cases the behavior is oscillatory. When the phase error is ata maximum 
the frequency error will be zero and conversely during a system transient. 
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behavior, and in fact the initial capture transient is always 
nonlinear (see references [2], [3] and [6]). A rigorous sampled- 
data treatment has been given by Gardner (see reference [1] for 
additional information). 

Mathematically, the phase @(t) (in radians) is the time integral 
of the angular frequency o: 


where ® = 27f (eq. 10) 


@(t) = Jodt 
The f, and fg signals can be described by their phases ©,(t) 
and @,(t). The phase-frequency detector thus puts out an error 
phase ©,(t) equal to the phase difference of ©,(t) and ©,(t): 


@,(t) = O,(t)—Op(t) (eq. 11) 


This is the analog equivalent of the time error t, in the “PLL 
Basics” section: 


O,(t 
t, = ( er (eq. 12) 


The charge pump outputs a current Ip only during t, and the 
average charge pump current will be: 


t, I, _ 
Live 7 (2) = (2 Je. =K,,9,(t) (eq. 13) 
The loop filter impedance is Z,, so: 
Vin = LiyeZp (eq. 14) 


The VCO converts its input voltage V;, to an output frequency f, 
(where Kyco = 27Ky). 


f, = KyVi, OF @, = KyooVin (eq. 15) 
Thus, the VCO output phase is: 
©,(t) = Jo,at (eq. 16) 


The frequency dividers scale the phase as well as the frequency, 
so: 


©,(t) ©, (t) 
Op (t) = B . ©, (t) = _ (eq. 17) 
Combining the equations, we find that: 
K I 
@,(t) = ( VCO) E )[tZ lO, (0) - Op (O] at (eq. 18) 


Taking the Laplace transform of this equation (which puts 
things in terms of the complex frequency variable s), we find: 


Og(s) = (1) Bee) FB zntor@ats) -O,(s)) (ea. 19) 


where, 
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} (eq. 20) 


In what follows we will use the phases as independent 
variables in describing the loop dynamics, as shown in the 
signal-flow diagram of Figure 5. 


Loop 
) Filter 
Gas 
a lave 2g) Vin(s) #0 
G(s) 1/A 2\}—» Kcp F 9 9 ei Kycol | 1/s 8Q(S) 
é Charge Rp } vco 
©B(S) Pump 
Cy C2 
IB lag 


Figure 5 Signal flow diagram for a phase-locked loop with 
a lead-lag loop filter 


Putting in the explicit form of Z-(s), we can now write @x,(s) as: 


1 
KycoKeo(s + ac) 
2 1 (C,+C, 
Bs C —| —— 
s [s+ ae( - J] 


This is the transfer function for @,(s) in the complex frequency 
domain. Both the numerator and denominator are polynomials in 
s. Thus, ©,(s) can be described by an amplitude and phase 
response (a Bode plot, etc.) like any other dynamical variable. 
We can also consider the amplitude response of the phase and 
the phase response of the phase, just as for an amplifier. 

A word of caution: unlike a feedback amplifier where the 
transfer function of interest is voltage gain, a phase-locked loop 
deals with phase gain. The transfer function has real and 
imaginary components which can be described in terms of a 
magnitude and angle (or argument). For a feedback amplifier the 
angle is actually the phase of the signal. It is rather easy to 
comprehend the gain and phase of an amplifier and 
consequently the angle of the complex transfer function is 
routinely referred to as phase. In the case of a PLL, however, the 
magnitude of the transfer function is the phase gain while the 
angle represents a time delay of the phase gain. It is tempting to 
refer to the angle as the phase and retain terms like phase 
margin that are already familiar from amplifier analysis. Thus, we 
have the phase of the phase which can be rather confusing. The 
solution to this situation is to treat the frequency domain phase 
variable as just a gain variable with real and imaginary parts, 
which have mathematical and graphical stability properties that 
are true regardless of the particular PLL application. Here the 
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magnitude of the transfer function will be referred to as phase 
gain while the angle will simply be called the angle. The term 
phase margin will still be used to refer to the angle of the transfer 
function in relation to 180°. 

The closed-loop gain of the system is denoted by H(s), and is 
the gain from input ©,(s) to output O,(s): 


O,(s) 
O,(s) 


H(s) = (eq. 22) 


The open-loop gain of the system is denoted G(s) and is the 
phase gain from input to output if the feedback loop is broken. 
This is equivalent to the gain from ©,(s) to ©,(s): 


Op (s) _ Oz (s) 
O.(s) (@,(s) - @g(s)) 


G(s) = (eq. 23) 


Thus G(s) = H(s)/(1 - H(s)) and H(s) = G(s)/(1 + G(s)). From 
the relations above: 


1 
KycoKer(s + ac) 
2 1 \CitCs 
Bs o|s+(ze)l G )] 
Let: t=RC, 


@, = 1/t = 1/RC, 

K = KycoKcpR/B = Kyl,R/B 

b = 1+ (C,/Cz) = (C; + C2)/C, 
@ = ba, = [(C; + Cz)/C2//RC, 


G(s) = (eq. 24) 


then: 


K(@, — @,)(s + @,) 


G(s) = (eq. 25) 


2 
s (s+ @,) 


The open-loop response of the system is third-order, type II 
(see references [2] and [3]). There are two poles at s = 0, a third 
pole at s = -@,, and a zero at s = -@,. Insight into the loop 
behavior can be gained by drawing a Bode plot of G(jw) as 
shown in Figure 6. 


Slope = -40dB/decade K(, -@, \(s+ ®,) 
G(s) = ————_. 
2 
s (s+ ®5) 
K/a@4 eee 
Slope = -20dB/decade 


f=) 
a 
wo 


al 


20 log |G(jo)| 


log o 


Slope = -40dB/decade 


i ; log o 


-90° 


-180° 


Figure 6 Bode plot of the open-loop response G(jw) for a 
charge-pump PLL 
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The open-loop response is infinite when @ = 0 and rolls off at 
-40 dB/decade due to the two poles at the origin until @ = @,. This 
zero cancels one of the poles causing the response to roll off at 
-20dB/decade until ® = @>. At this point it rolls off again at -40dB/ 
decade due to the pole at m,. The angle of G(j@) starts at -180° 
and rises to -90° at some point above @ = @,, and then returns 
to -180° beyond @ = @s. 

Linear system theory dictates that for a system to be stable, 
the angle of the transfer function at the frequency where |G(ja)| 
= 1 should be more than 45° from -180° (in a feedback amplifier 
system this is referred to as phase margin)°. From the Bode 
diagram we see that this can only happen if |G(j@)| crosses the 
unity-gain axis at a point where the slope of |G(ja)| is -20dB/ 
decade. 

The frequency at which |G(jo)| = 1 is called the crossover 
frequency @,. As seen from the Bode diagram: 


IGGo)| =1 @ w=, (eq. 26) 
A necessary condition for stability is: 
0, <0, <@, (eq. 27) 


We also see that if m,; and a» are too close to one another 
ZG(j@) will never rise much above -180°. According to Gardner 
[1], @2 > 9 w, for most practical cases. This fact can be used to 
simplify G(s). For @ << @;, S + M2 = Wp aNd Ws - @; = Ws: 


K(s + @,) 


G(s) = 7 


(eq. 28) 
s 


Using the asymptotic approximation characteristics of the Bode 
Diagram: 


|G(@,)| = 3 for @,<<@<<@, (eq. 29) 
If @ << Ms, and @ >> @,, then: 
K 
|G(@,)} =le= 5 e= K (eq. 30) 
c 


The unity gain or crossover frequency for the loop is equal to 
K, which is known as the loop gain. @, is often referred to as the 
loop bandwidth since it represents the frequency above which 
frequency variations are filtered out of the loop. The loop is said 
to track any change in input frequency below a,. In a data 
synchronizer application the loop bandwidth should be set high 
enough so that bit shifts due to mechanical inaccuracies in the 
drive will be tracked by the loop. In a frequency synthesizer, 
however, loop bandwidth is generally set low so that any jitter in 
the input frequency (from a switching power supply for example) 
will be filtered out. 

Thus we see that loop gain and the loop bandwidth are actually 
the same thing. This seems somewhat puzzling intuitively, but if 
the third-order loop equation is inspected we see that K must 


5 The condition is often stated in the form that oscillation will occur if the phase 
response is 360°. In our case a feedback transfer function phase response of 
180° will lead to oscillation because the inherent negative feedback (inversion) 
in the phase detector is equivalent to a 180° phase shift. 
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have units of frequency. Remember too that the VCO in effect 
integrates frequency into phase, yielding the additional 1/s term 
which must be accounted for in the units for K, so that G(s) is 
unitless. 

We now consider the closed-loop response H(s): 


@,(S) _ 
O,(S) 


G(s) 
1+G(s) 


H(s) = 


(eq. 31) 
K(@,-@,)(s+ @,) 


3 2 
S +@8 +K(@,—@,)s + K(@,-@,)0, 


In general this is a third-order polynomial and there are no 
simple formulas for the roots (zeroes). A number of inexpensive 
computer programs are available which can find the roots of any 
reasonable polynomial. 

If @ >> @,, which we know must be true from the open-loop 
stability analysis, then we can approximate the loop as second 
order by letting m2 approach infinity; this provides the equation: 


K(s + @,) 


H(s) = (eq. 32) 


s +Ks+Ka, 


The denominator is a quadratic second order equation which 
can be rewritten as: 


2 2 
s +2C@,s+@, (eq. 33) 


K 


1 
where @, = JK, C= 5 0, 


@, is called the natural frequency of the loop and ¢ is known as 
the damping factor. The poles of H(s) are found by solving the 
equation: 


and 


s+ 26@,5+@, = 0 (eq. 34) 
When this is done we find the poles P; and Pz are: 
P,P, = 0,164 4(6°-1)] (eq. 35) 


Different values of ¢ lead to the following three cases: 


1. If € > 1, then P, and P, are real and the loop is 
unconditionally stable and is said to be overdamped. 


2. If C= 1, then P, = P, = @, and the loop is unconditionally 
stable and is said to be critically damped. 


3. If €< 1, then P, and P, form a pair of complex conjugate 
poles and the loop becomes less stable as C approaches 0 
and is said to be underdamped. 

The damping concept should be familiar from other disciplines 
(such as mechanics). Often the loop is specified to have a 
desired damping factor ¢ and loop bandwidth w,. Damping is of 
practical importance in disk drive design because we require 
that the phase errors® of the recovered read clock be settled to 


§ That is to say, the phase difference between the VCO output and the peaks in an 
ideal read signal. 
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some specified degree before we regard the recovered data as 
valid. It is the damping which determines how long it takes the 
phase error to settle to zero. 

There are a number of useful identities for the second-order 
loop: 


(eq. 36) 
C 1K leet pzai iP 
2n/@, 2 ~ nue" 2 1 
thus: 
LK 0th, Ree 2 eal? 
®, = K = 2Cq,, ia a Cy 
(eq. 37) 
On 
nates = 0,0, = 0); Met Soars 


The loop is completely specified with either pair of variables K 
and t or , and C, and one set can be calculated from the other. 
The loop transient response is of interest. An underdamped 
system is fairly responsive but tends to overshoot and ring. An 

overdamped system has no overshoot but is rather slow in 
reaching its final steady-state value when responding to a 
transient input. It can be shown (see references [2] and [3]) that 
a damping factor of 6 = 0.707 = 1/V2 will yield an optimal 
transient response to a frequency ramp input. Here the phase of 
the output will reach its final steady state output in 3.4/@, with 5% 
overshoot. Generally most data synchronizers have ¢ between 
0.5 and 0.8 so that they can acquire lock quickly at the beginning 
of a read cycle. 

The noise bandwidth B, of a second-order PLL is given by 
reference [3]: 


B = S{6+4] = fo +@,) (eq. 38) 

a) Ao eed 
An input noise signal at frequencies above B, will be filtered out 
of the loop. B, is at a minimum of 0.5, for ¢ = 0.5, but is still only 
0.53@, at ¢ = 0.707. In a frequency synthesizer noise filtering is 
important and consequently it has a damping factor range of 
about 0.5 to 1.0 as well. 


COMPONENT SELECTION FOR THE SECOND-ORDER 
LOOP 

Choosing the resistor and two capacitors in the lead/lag filter is 
one of the main problems facing the disk drive designer. Before 
proceeding the following parameters must be specified: 


Charge pump gain: Kop = |,/2n 
VCO gain: Kvco = 2mKy 
Feedback divider ratio: B 


Loop bandwidth: 


f, = @,/2n = K/2n 
Damping factor: C 


The first three may be fixed by the monolithic design of the 
phase-locked loop, but for chips supporting zone-density 
recording they usually can be controlled by the user over some 
restricted range. The last two are always user-definable for 
devices with off-chip loop filter components. 
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In the second-order approximation, the capacitor C, should be 
chosen such that Cz < C,/10. This follows from the stability 
criteria and is also required for the second-order approximation 
to be valid. The bigger C, is, however, the more the charge pump 
ripple is filtered, yielding lower VCO jitter. 

The charge pump gain is usually specified as a current |,. The 
VCO gain is usually given as Ky in MHz/V. Often the VCO gain 
scales with frequency and may be specified as a fixed fraction of 
the center frequency: 
vy = kf, (eq. 39) 
where « generally ranges from 0.1 to 0.5. Note that « has units 
of 1/V. The feedback divider is simply an integer. Zone- 
programmable frequency synthesizers allow B to be changed, 
typically through a serial register interface. Data synchronizers 
sometimes allow the feedback divider to be programmed, but B 
as defined here also incorporates the effect of the data pattern. 
Thus, the effective B value will change as the data pattern varies 
from “01010” to “01000000010” (the extreme limits for (1,7) 
code). To ease confusion, B can be rewritten as the product of 
the internal hard-wired (or firm-wired) divider ratio and the data 
pattern length. Let Tp be the relative data pattern length such 
that Tp = 2 for a 2T’ pattern, 3 for a 3T pattern, etc., and let N be 
the hardware division ratio. Then: 


B=NT, (eq. 40) 
From the equations derived earlier: 
62 Se Ee . Bveohae® 
OT 2 27B 
(eq. 41) 
_ KyIpR _ kfolpR 
27B 2TNTp 
1]/®. 1 (eq. 42) 
= = /— = = xf RC 
2 Bm, = AAO 
Solving for R and C, we find: 
2nf.B 2nf.NT 
Ree ne oe (eq. 43) 
Kyl, ail, 
7 (eq. 44) 


2 2 
ae 26 - (£) St - (5) 
nf, B mf,/ NTp 


The phase margin 6, for the loop can be calculated by 
determining the angle of the open loop transfer function G(s) at 
@ = @, relative to -180°. Using the second-order loop 
approximation: 


7 In disk drives a 2T pattern is a repeating “01”, a 3T pattern is a repeating 
“001”, a 4T pattern is a repeating “0001”, etc. 
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K(s+@,) 
G(s) = 5 
Ss 
; Kj, + @,) 
ON Gai 
c 
@ 
= tan !—-n2 (eq. 45) 
1 
= tan (46°)—2 


oy = [tan (46°) —m] -(-2) 
= tan (47) 
From the results given in [4] this can be approximated as: 


Op = 1006 (eq. 46) 


(for Op in degrees) 
For a data synchronizer, the phase margin, and hence the 
damping factor, should be calculated for each data pattern to 
ensure stability of the loop. Generally phase margin should 

exceed 45°, which implies ¢ > 0.5. As an example: 


for © = + =0.707, 6 


f2 


= 63.4° (eq. 47) 


SECOND ORDER EXAMPLE USING THE VM5351 DATA 
SEPARATOR 


How do we best set up the variable loop parameters such as 
the filter components for (1,7) code using the second order 
approximation? 

The phase-frequency detector is only active when there is an 
edge in the data input. In real data the edges are spaced far 
apart and this has the same effect on the loop as changing the 
feedback divider B. For (1,7) code the highest-frequency data 
pattern is a repeating “0101” pattern. This is called a 2T pattern 
because it has a period of 2T, where T is the period of the 1.5f 
code clock. Because it is necessary to generate both a 1f anda 
1.5f clock from the data synchronizer loop, the VCO is often run 
at 3f so a divide-by-2 circuit can be used for the 1.5 f clock and 
a divide-by-3 circuit for the 1f clock. The frequency at fg must be 
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1.5f, thus a divide-by-2 circuit is needed in the feedback path. 
The 2T pattern acts like another divide-by-2: 


B=NT,=2°2 =4 fora 2T pattern 


The lowest-frequency pattern in (1,7) code is “01000000010” 
which has an 8T period. This is effectively a division ratio of 16: 


B=2-8= 16 for an 8T pattern 


The filter components should be chosen to get satisfactory 
response under these extreme conditions, as well as all patterns 
in between. 


Assume the following specifications: 
Code (1,7), 2/3 RLL 
NRZ Data Rate = 64Mbits/sec (= f) 
VCO Center Frequency = f, = 192MHz (= 3f) 
REFOSC Frequency = 96MHz (= 1.5f) 
Crossover Frequency, @, = 1000K rad/s 
Damping Factor, ¢ = 0.7 
Preamble length = 11 NRZ bytes (EDSI min.) 

= 3.67us (44 recorded pulses) 


Refer to Figure 7. The impedance of the loop filter can be 
written as follows: 


REFOSC 5 ome 
REFOSCN y 


Two 
Data Phase 
RDATA py Mux Detector 
RDATAN 
Kd 


= 1.18/RL 


Charge 
Pump 


Kdiv = 1/AB = 1/ANTR 


Figure 7 Basic VM5351/VM5352 and VM5353 PLL Block Diagram 
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RC, 
Z(s) = (eq. 48) 
sC (s + 1 + xa) 
a RE, RC, 
The open loop gain is: 
KycoKerKain( s of ac) 
G(s) 2 See (eq. 49) 
2C,|s4 (2s) 
a RC,\ Cy 
where: Kop = Ky = 1.18/R,, 
Kyco = Ko = 0.105f,, 
Kgiy = 1/AB = 1/ANTp = 1/A2T, 
R 
Ko = 0.105fo 
©) DIVSEL 
[ FVCON 
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B is defined as NT,. N = 2 and Tz is the relative encoded data 
pattern length. For example, a 4T preamble field would 
correspond to T, equaling 4. When locked to the reference, Tp 
is equal to 2. The divide-by-A block is defined as: 


A= 1 if the DIVSEL pin is LO 
A = 2 if the DIVSEL pin is HI 


The VCO center frequency is f,. R, is either the HGREXT or 
LGREXT external resistor, depending on whether the PLL is in 
high-gain or low-gain mode. 

Substituting these values into G(s) and using the second order 
approximation where Cz << C,, G(s) becomes: 


K(s+@,) 1 
G(s) = = where @, = RC, 
(eq. 50) 
0.124f,R 
and K = KopKycoKgiyR = A2T,R, 


Looking at G(s), there are two poles at s = 0 and one zero at 
s = -@1. The closed loop gain H(s) is defined as: 


G(s) _ K(s + @,) 


BW) FT Gty) 


7) (eq. 51) 
s +Ks+Ko, 


The denominator of H(s) is called the characteristic equation. It 
can be compared to the standard form for second degree 
characteristic equation as follows: 


s+Ks+Ko, = s +2Co, +o, (eq. 52) 
Equating the component values gives: 
K = 2¢@, and Ka, = o. (eq. 53) 


where @, is the natural frequency of the loop and € is the 
damping factor. 

Now, substituting for K and @, (in equations 43, 44 and 50), the 
values for R, C,, and C, can be obtained: 


_ (2C@,)A2T,Ry _ @,A2TRRy (eq. 54) 
~ 0.124f,, ~ 0.124f,, 
0.124f, (28y 0.124f, (eq. 55) 
@A2T Ry, @./ (A2TR)Ry, 
eed as C, @ C, (eq. 56) 
that; —— —_ 
4 is choosen such thai i000 * 46 


Component values can now be selected in accordance with 
specific system requirements. The following system parameters 
must be specified: f, (VCO center frequency), R, (in high or low 
gain mode), Tp, @, OF @, and ¢ in order to choose values for R, 
C, and Cp. 

Since the VCO center frequency is greater than 60MHz, the 
DIVSEL pin should be tied low, which implies that A = 1 for the 
divide-by-A block. 
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The first step is to choose the three external resistors. The 
HGREXT and LGREXT resistors setup the change pump current 
gain, and VCOREXT sets the VCO center frequency. They are 
determined as follows: 


1.18V 


HGREXT = ———_ 
HG Charge Pump Current 


(eq. 57) 
1.18V 


= = 1.18kQ 
1.0mA 


1.18V 


LGREXT = —————_______ 
. LG Charge Pump Current 


(eq. 58) 


VCOREXT = 0.2694 2224 22 


— = 1.6kQ 


(eq. 59) 


The low gain mode is used when locking to data and the high 
gain mode is used when locking to the reference oscillator or 
preamble. The component values can be chosen for either the 
high or low gain mode. Assuming lock-to-data, LGREXT will be 
used for R,. Also, an average data pattern of 4T is assumed. 

The values for R, C, and C, are calculated as follows (based 
on the equations derived above): 


_ (1000 x 10°)(1)(2)(4)(3900) _ 


R 6 
0.124(192 x 10°) 


13102 (eq. 60) 


2(0.7) J (ca24cs2x10) 


= = 1.5nF (e961) 
[282- OED " 


C, = 0.01C, = 15pF eee 


Now, @, and ¢ should be recalculated to ensure accuracy and 
the phase margin op should be calculated: 


goa OMIA aia 
oO, = = AQT, R, = rad/s (eq. 63) 
1 
C = 3 = RC,@, 
(eq. 64) 
= sAc1310)(1.5 x 10-(999 x 10°)] = 0.7 
p= tan (407) = tan” ![4(0.7) ] = 62.96° (eq. 65) 


The values for @, and € did not change much here, but 
depending on what standard component values are used, they 
could change substantially. The phase margin should be greater 
than 45° for stability. In this case there is plenty of margin since 
oR = 63°. 
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The above values are most likely not optimized for all systems 
using this data rate, code and preamble. The derivations are 
only shown as an example. 


COMPONENT SELECTION FOR THE THIRD-ORDER 
LOOP 

The second-order loop approximation results in loop filter 
component value calculations which are algebraically quite 
simple. This gives the user a quick way to get the loop running 
about where it should be. Often the second-order loop 
approximation works fine, particularly if C, << C,. However, the 
purpose of Cz is to filter the ripple on R and C, inherent to charge 
pump design, so it is desirable to make C, as large as possible. 
The loop will then also roll off more quickly with frequency (i.e., 
higher Q) which may be desirable. The user who needs 
maximum performance from the PLL should really treat the loop 
as a true third-order loop. Unfortunately, the results are not as 
simple algebraically and numerical methods are often needed. 
Some useful approximations can still be made, however. 

Note that the third-order loop requires one more parameter to 
be specified. That parameter, b, is defined as: 

b = 14+(C,/C,) (eq. 66) 
Standard values for capacitors are usually 1 decade apart, so b 
is often chosen to be 11. 

From inspection of the open loop Bode diagram (Figure 6), it 
can be seen that for small @2 values which approach , it is hard 
to achieve a good phase margin for the system. Phase margin is 
optimal when the crossover frequency @, occurs at the point 
where 2G(@) peaks. Graphically we expect this to happen when 
@, is half-way between w, and w,. Because of the logarithmic 
scale used in Bode diagrams, this half-way point is the geometric 
mean of @, and @.: 


®, = ,/@,@, for optimal phase margin (eq. 67) 
We recall that: 
Kq@,(b—1)(s+@,) 
G(s) = stp (eq. 68) 
s (s+bq,) 
®, = ba, (eq. 69) 
so: 
@, = [bay = 0, vb (eq. 70) 
In the asymptotic approximation for @, < Wg < Ws: 
K@,(b— 1)s = 
eo a 70 
s ba, s 
By definition: 
; _, _ (K\b=-1 _ K(b-1) 
|G(j@,)| =1.= (Joe = mar eas (eq. 72) 


Substituting for @, and K, C, can be found as follows: 
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o, fo = KO=D_, 9, = KO=D 


b bab ‘ 
EZ, 
1 KylpR(b-1) ee 
RC, BbJb 
or: 
CG = = (eq. 74) 
KyIpR (b- 1) 
Now R can be found as follows: 
_ K(b=-1) _ (ASFcs) 
O, = a en a as (eq. 75) 
or: 
o.B b 
R= (cz) (eq. 76) 
KyI,/b-1 


Collecting all of these results together, the filter component 
values C,, Cz, and R for the optimized third-order loop can be 
calculated from the expressions: 


K, I b=1 kf I b= 
Cp) = [se = [a 5! (eq. 77) 
(2nf,) B) vb (2nf,) NTp) vb 
Qe 
2= a | (eq. 78) 
2nf .B 2nf NT 
= ( : a = (Sa (eq. 79) 
KL 6-1 i, /b-1 


This analysis only applies to a PLL with optimal phase margin. 
As Tr, and hence B vary, the phase margin will vary. One can 
optimize the phase margin for a typical data pattern, such as 3T 
(001) and then calculate the phase margins for other data 
patterns. Phase margin is defined as: 


bp = ZG(j,) — (-m) 
Kq@,(b-—1)(j@.+@ 
G(jo,) _ a _ c ) 
(j@,) (JO, + b@,) 
(eq. 80) 
ZG(j@,) = ZG@,+ @,)- ZG, +ba,)-1 
| oO. -1 oO, 
Op = tan (S)-a Ga 
The crossover frequency , can be found as follows: 
IGG } i Kq@,(b-1) 0. +0, 
J®,)) = = (eq. 81) 
o. lor +b-o, 
The equation above (eq. 81) can be transformed to: 
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6 b- 2,4 
O, +0 @,O, 


K’o,(b-1)°@, —K'@,(b— 1)" = 0 (eq. 82) 
This is a cubic polynomial in @,2 which can be solved numerically 
given K, @,, and b which are all functions of Ky, |,, B, R, C;, and 
b. @, can then be used to calculate o, exactly. Alternatively we 


can use the asymptotic approximation for @, derived earlier: 


O, = K() (eq. 83) 
then: 

-1/K(b-1) -1{K(b-1) 

Op = tan (AS )- tan Gog 
R wb wb’ (eq. 84) 

For the loop with optimized phase margin we have: 
K _ bab K(b-1) | 
Oo, a as ob — af ieee 
or, y= tan (4/6) - tan '(—) (eq. 86) 
Jb 


As an example, if b = 11, then op = 56.4°. This is lower than that 
calculated from the second-order approximation but still a 
reasonable value. 

The damping factor ¢ is no longer applicable to the third-order 
loop, so besides @, and b we need a third parameter to 
completely specify the loop. We could choose @, but then the 
values for K and w, and hence R and C, would be embedded 
inside a transcendental equation. The recommended design 
procedure is to roughly calculate R and C, using the second- 
order approximation on an average data pattern and then 
calculate phase margins for all data patterns. Should any one of 
them drop below 45°, adjust the R and C values, recalculate op, 
and iterate until adequate phase margin is achieved. An 
example of this procedure for the VM5711 Frequency 
Synthesizer used in a zone-density application is given in the 
THIRD ORDER EXAMPLE USING THE VM5711 FREQUENCY 
SYNTHESIZER on page 17. 


APPLICATION CONSIDERATIONS FOR FREQUENCY 
SYNTHESIS 

In this section we will describe some important aspects of 
frequency synthesizer operation and give a complete detailed 
example of a multi-zone setup for the VM5711. 


Frequency Divider Ratios 

Typically a frequency synthesizer operates continuously, but 
during a seek operation between zones it must settle to a new 
frequency. The settling time should be kept less than a typical 
minimum seek time, often a few milliseconds. This might seem 
like plenty of time, but in reality there are a couple of factors 
which slow things down. In the first place, drive designers may 
wish to have fine frequency resolution. This calls for large divider 
ratios, and with large divider ratios waveform edges only occur 
infrequently at the phase detector. Phase comparison only 
occurs at edges, so in effect the sampling rate becomes quite 
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low. This leads in turn to low ,, and slow response (which calls 
for a large C,). 

Consider a case where we are synthesizing an output 
frequency of 21.37 MHz (T = 46.8 nanoseconds) with the B 
divider (Figure 1) set at 211. Then we only sample the phase 
every 46.8 x 211 = 9875 nanoseconds. If it requires 50 sampling 
periods to achieve adequate settling then the transient 
conditions will last for 50 x 9875 = 0.49 milliseconds. Smaller 
divider ratios will reduce this transient recovery time. 


Phase Jitter, Pull-Out Problems; Cycle Slips 

For frequency synthesizers a very low RMS jitter is usually 
required. The overall read/write error budget is better if the write 
jitter can be made negligible. The noise bandwidth B, scales as 
@,- Minimum in-band noise and, thus, minimum phase jitter is 
achieved by making , as small as possible. There would seem 
to be no real limit to this, leading one to the idea of 20 uF filter 
capacitors (or larger). Bigger is not, however, always better. 

In fact, if too-large filter capacitors are used, even a rather 
small disturbance can lead to loss of lock and a cycle slip. This 
basically relates to the nonlinear behavior of the circuit and 
cannot be treated exactly. Best [3] gives us the following 
equation: 


1.8@,(¢+ 1) 
26 


Here A@po is the largest frequency step which can be tolerated 
by the PLL without loss of lock (the so-called pull-out condition). 
How could such a frequency step arise? Suppose that some 
electrical event causes the VCO input voltage to change. Since 
large filter capacitors are needed for frequency synthesizers 
they are invariably off-chip, and nearby clocks, logic signals, 
switching power supply glitches etc. can be picked up by the 
filter components. A voltage step at the VCO input is a frequency 
step to the PLL, and it will go into a transient condition when one 
occurs. Suppose that: 

@, = 5.103 rad/s (about 1 kHz) 

¢ = 0.7 (near-optimum) 

Kyco = 15.106 rad/V-s (1 V shifts f, by 2.4 MHz) 


AMpo = 1.80,(O+1) = (eq. 87) 


Then A@po = 15,300 rad/s. The VCO input voltage shift AVpo 
corresponding to this is: 


A®Mpg ~=—:1.8.@,($ + 1) 


AV 


Po = = 


Kyco Kyco 


- 180,82) = Loom 


In other words, a 1 mV disturbance on the filter capacitors will 
cause loss of lock under these conditions! It is probably not 
practical to design a board which keeps pickup pulses below 1 
mV, and thus the pull-out condition imposes a practical upper 
limit on the sizes of filter capacitors. 

This pull-out instability (loss of lock) and the resulting cycle 
slips show up in drives as an intermittent failure of the write clock 
and can be a problem both in theory and in practice. 

We also note that there is a certain irreducible jitter (phase 
noise) in the VCO itself, and the use of very narrow loop 
bandwidths does not defeat this. The currents and voltages 


(eq. 88) 
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within the VCO are subject to thermal and shot noise, and this in 
effect makes small random changes in the switching thresholds 
for regeneration from cycle to cycle. This phenomenon has been 
described in a closely related type of oscillator in [7]. 


THIRD ORDER EXAMPLE USING THE VM5711 
FREQUENCY SYNTHESIZER 
We will treat the VM5711 Frequency Synthesizer with the 
following set of assumed specifications: 
* (1,7) RLL code 
* f,= 20 kHz 
* Input clock fj = 16 MHz 
* Three zones with NRZ data rates of:27 Mbits/s 
38 Mbits/s 
50 Mbits/s 


The following equations define loop parameters for the 
VM5711: 


I, (WA) = 0.878 x 10°(5/3 - X/32)/Rex (eq. 89) 
f, (MHz) = 0.23 x 106(2/3 + X/32)/Rex (eq. 90) 
Ky (MHz/V) = 0.38f, (f, in MHz) (eq. 91) 


Rex represents the value (in %4) of an external user-selected 
resistor which sets the center frequency of the VCO. 

X represents the value of an internal DAC which can be varied 
for each zone by means of a serial register (1 6 X 6 32). 


Choose Rext 

Rex must be chosen to keep the VCO centered in its range for 
all three zones for values of X between 1 and 32. In the VM5711 
the VCO runs at three times the NRZ clock frequency, and for 
(1,7) code we must have: 


f, = 81 MHz (zone 1) 
f, = 114 MHz (zone 2) 
f, = 150 MHz (zone 3) 


The largest available frequency ratio for the DAC is 
(5/3 - 0)/(5/3 - 31/32) = 2.39, while the largest frequency ratio 
required for the zones is 150/81 = 1.85. If the DAC is centered 
over the VCO range, then: 


0.23 x 10°(2/3 + 16/32)/R,,, = (105 + 81)/2 (eq. 92) 
From this equation it follows that Rey = 2.32 k%. 
Determine the DAC setting X for each zone. 
f,R 
X = no{{ Po] = )} (eq. 93) 
0.23x10°) \3 
thus: X=5 (zone 1) 
X=15 (zone 2) 
X= 27 (zone 3) 
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Determine divider settings M and N for each zone.® 


M and N must be chosen for each zone such that: 


2M 


fy _ Nii (eq. 94) 


The factor of 2 is needed because (1,7) code is being used. The 
CDSEL input for the VM5711 must be set HIGH, so: 


81 = (2M,/N,)(16 MHz) (eq. 95) 
114 = (2M,/N,)(16 MHz) (eq. 96) 
150 = (2M3/N3)(16 MHz) (eq. 97) 


There are a variety of solutions which will work, but because 
the VM5711 has a charge pump current which scales inversely 
with X and a VCO gain which scales linearly with X, the result is 
a loop gain which scales with M: 


_ KyIpR _ KylpR 


B 2M 


(eq. 98) 


Thus, we will want to fix B (M) for all zones. (Not all 
synthesizers have a charge pump current which scales with 
zone, so keeping M fixed with zone is not valid in general). 
Simplifying the equations, we have: 


M, = (81/32)N, = 2.53 N, (eq. 99) 
Mp = (114/32)N, = 3.56 No (eq. 100) 
Mg = (150/32)N, = 4.69 N, (eq. 101) 


For the VM5711, Mcan range from 1 to 256 while N goes from 
1 to 32. The following M and N values will work to synthesize 
exactly the data rates specified: 


M, = 81;N, = 32 
M, = 57; Np = 16 
Mg = 75; Ng = 16 


Note that M is not fixed as desired. This will cause a shift in @,, 
which will probably not be a big problem. The alternative is to 
adjust the data rates to something which will allow a fixed M. In 
general the user will have to make these trade-offs. A perfect 
solution may not always be possible for every design. 


Calculate R, C,, and C,. 

These values are the same for all zones, so some 
compromises may have to be made. Using the second-order 
approximation: 


— 2nf,B 7 4nf,.M 


(eq. 102) 


8 Here we use M andN in place of the A and B of the earlier text to conform to the 
VM5711 data sheet. 
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14> TER (eq. 103) 
Substituting for Ky, Ip, B, and Rex we find: 
2 27(2320)(2M)f, 
(0.38)(0.878 x 10°)[(5/3) — (R7S7IE, 
(eq. 104) 


-(awIZ) 


Putting in the zone-dependent values X, M, and f, we find: 


R = 2.79 (81) f, / (53.3 - 5) (81) = 0.058 f, (zone 1) 
R = 2.79 (57) f, / (53.3 - 15) (114) = 0.036 f, (zone 2) 
R = 2.79 (75) f, / (53.3 - 27) (150) = 0.053 f, (zone 3) 


Zone 2 will have the highest f, for the same R. Usually the 
specified bandwidth f, is the highest bandwidth desired, so if 
zone 2 is used to calculate R we have: 


R = 0.036 (20 kHz) = 720% (eq. 105) 


Rounding to the closest standard value we get R = 750%. 


Recalling the open-loop Bode plot, , is fixed by R and C, and 
hence the zone with the lowest f, will have the lowest ¢ and 
hence the smallest dp. Thus, zone 1 is used to calculate C,. 


26 R 


Ci = TR where f, = 0058 (eq. 106) 
If we let ¢ = 0.7 then: 
2 
c, = 2D 0098) — 0.032uF (eq. 107) 
(750) 


Picking a standard value closest to this, C, is set to 0.033 UF. 
C, is found assuming b = 11 and so C, = 0.0033 uF. We now 
calculate the phase margin @, and bandwidth f, for each zone 
using: 


ty = en (SD) tan (ED) 


z 
®) @,b 


= (CE) 


These equations were derived using the third-order asymptotic 
model. For convenience all pertinent equations are shown below 
along with a tabulation of loop parameters for each zone: 


(eq. 109) 


K=Kyl,R/B  B=2M Ky = 0.38 f, 
w, = 1/RC, b=1+(CJ/C,) C= (1/2)(K/a,)'? 
R = 750% C,=0.033uF Cz, =0.0033yF 


Row = 2.32k% — |, = 0.878 x 109(5/3 - X/32)/Rou (HA) 
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Parameter Zone 1 Zone2 | Zone 3 

NRZ Data Rate (Mb/s) | 27 38 50 
f, (MHz) 81 114 150 
X (DAC setting) 5 15 27 

32 16 16 
M 81 57 75 
Ky (MHz/V) 30.8 43.3 57 
|, (HA) 572 453 311 
f, (KHz) 11.8 18.7 12.8 
€ 0.71 0.89 0.74 
DVPO (mV) 0.83 0.82 0.47 
OR 51.9° 56.2° 53.1° 


The results above show that the loop has adequate phase 
margin and a loop bandwidth within specifications for each zone. 
Note: A chart like this can be generated for any zone-density 

drive design. It may be convenient to use a spread sheet 
program. 
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The charge pump provides loop filtering for the AGC loop, and 
INTRODUCTION the value of C governs the response time of the AGC loop. 


Several VTC ICs provide automatic gain control for the READ 
signal from a rigid disk drive. The method used has a number of 
features that optimize it for this application. The system has two 
thresholds for the signal amplitude, V+ and V-. When the output 
voltage V, of the AGC amplifier satisfies Vs > V+ the gain is 
steadily reduced until Vs = V+ at which point the gain stabilizes 
(this is called a release transient). When V< satisfies Vs < V+ and 
Vg > V- the gain is steadily increased until V, = V+ at which point 
the gain stabilizes (this is called an attack transient). When Vs 
satisfies V, < V- the gain is in a “hold” mode and changes only 
very slowly (due to device leakage currents). The latter feature 
is useful during periods of low or noisy signal when the gain 
would otherwise be driven to its maximum value resulting in a 
long recovery time when a normal signal level is restored. 


AGC OUTPUT SAMPLING CIRCUIT 

An AGC loop must sample the output and generate a suitable 
amplitude-control voltage which is fed back to the variable gain 
stage(s). The arrangement for sampling the AGC output 
amplitude is shown schematically in Figure 189. The signals Vg+ 
and V<;- (shown as solid and dashed lines) are the 
complementary outputs of the AGC amplifier. They are fed to 
four emitter followers, two of which have their emitters tied 
together to form a full-wave rectifier. Offset resistors R, and Ry 
create two level-shifted replicas of the rectified signal. A set of 
comparators (1-4) generates level crossings which are then 
ORed in pairs and fed to an edge-triggered RS flipflop. The flip- 
flop outputs are then used to control two switchable nominally 
equal-valued current sources (CSUP and CSDN) which are 
connected to a capacitor C in a charge-pump arrangement. The 
capacitor voltage is then fed back (through a suitable buffer) to 
the amplitude control input of the AGC stage(s). 


Figure 189 Output sampling and charge pump scheme for 
the AGC loop 


VTC Inc., 2800 East Old Shakopee Road, Bloomington, MN 55425, 612-853-5100 


Figure 190 shows ideal circuit waveforms when the output 
amplitude is too high. Note that the duty cycle for the PUMP UP 
and PUMP DOWN waveforms is such that the PUMP DOWN 
current source is on for a much longer time than the PUMP UP 
source, so that the output amplitude will steadily ramp down 
under these conditions. Figure 191 shows the waveforms when 
the output amplitude is very close to the intended value. Now the 
PUMP UP and PUMP DOWN duty cycles are nearly identical 
and the output amplitude will stabilize. Note that when the data 
pattern contains a missing pulse both current sources are off, so 
that the AGC feedback is unaffected, i.e., the amplitude 
detection scheme senses only peaks (it “coasts” over missing 
pulses). The waveforms when Vs lies between V- and 
V+ are shown in Figure 192. Here the outputs of comparators C1 
and C2 are always LOW, and the first rising edge on the C3 or 
C4 output will set the RS flipflop into a state where the PUMP UP 
current is on at all times, leading to a steady increase in the 
voltage gain and output amplitude until C1 and C2 begin to 
change state. 


VA 


VB 
ct 
C2 
C3 
C4 
OR! 
OR2 
FF 
PON 
PUP 


Figure 190 AGC sampling and charge pump operation when 
Vs substantially exceeds V+ 
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Figure 191 AGC sampling and charge pump operation when 
Vs exceeds V+ by only a small amount. 


Figure 193 shows the waveforms when Vsgis less than V-. Here 
none of the comparator outputs ever goes high, and both current 
sources remain off. This puts the AGC loop into a “hold” 
condition, similar to that which occurs during a missing pulse. 
The behavior of the gain under these conditions depends on the 
leakage currents present in the chip and on the board, and the 
resulting behavior is usually a slow rise in the AGC gain (i.e., 
leakage sources predominate over leakage sinks). 


THE IMPEDANCE SWITCH 

The READ signal normally comes into the pulse detector chip 
as a Capacitively-coupled differential signal. While this is 
convenient for avoiding offsets, etc., the relatively high 
impedance presented at the AGC amplifier input means that 
when there is a sudden change of input amplitude or waveform 
the recovery will be slow and the AG loop will take a long time to 
stabilize unless special measures are taken. In many of its AGC 
amplifiers VTC provides a fast acquisition mode to facilitate 
rapid stabilization of the AGC loop. It is controlled by an external 
logic signal (normally labeled FAQ) which, when asserted 
causes the input impedance to be lower by several-fold than its 
normal value. 

A fast acquisition operation begins with a high-to-low transition 
of FAQ, which lowers the input impedance and reduces the 
output signal to zero. The output signal will remain at zero as 
long as FAQ is held low. Upon a low-to-high transition of FAQ 
the input impedance is rapidly restored to its normal value anda 
PUMP UP current source with a magnitude many times larger 
than the normal slow-tracking value switches on and rapidly 
brings the output amplitude within the control range. When the 
output amplitude reaches its nominal value the large PUMP UP 
current source is automatically turned off by circuits within the 
chip. 


ADJUSTING THE AGC PARAMETERS 

Most of the AGC parameters, such as minimum and maximum 
gain, attack and release time, AGC loop response time constant, 
etc. can be adjusted by suitable choice of off-chip discrete 
resistors and capacitors. The details differ for various chips, and 
are covered in the corresponding data sheets. 

The convention for the control action is when a logical high is 
generated the current is ON and with a logical low it is OFF. 
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Figure 192 AGC sampling and charge pump operation when 
Vg lies between V- and V+ 


Figure 193 AGC sampling and charge pump operation when 
Vg is less than V- 
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APPLICATION NOTE 


USING THE VTC SERIAL LOADER 


SOFTWARE 


August 12, 1999 


This note provides a basic overview of the general operation of 
VTC’s serial loader programs. 

Serial Loader programs are used to load serial registers, view 
the current contents of serial registers, and retrieve previous 
register configurations that have been saved with a Serial 
Loader program. 

All of the parameters needed for viewing, loading, or 
evaluating a serial register configuration can be easily accessed 
from the main Serial Loader screens. 

The Serial Loader programs serve three purposes: 

* It allows easy selection and viewing of serial register 

parameters. 


¢ It allows a user to modify serial register parameter values. 
¢ It allows a user to save register configurations as files. 


SERIAL LOADER PROGRAM PARAMETERS 

All serial register parameters that affect the operation of the 
particular part are generally accessible from the Serial Loader 
program. 


Viewing Register Parameters 

The present settings for the serial register parameters are 
displayed on the main Serial Loader screen. This screen is 
generally divided into three distinct regions: 

One upper portion of the screen contains two columns. The 
WRITE column displays the values that would be written to the 
serial registers if the WRITE function were selected. The READ 
column displays the values that have been read from the serial 
registers if the READ function has been selected. 

Another upper portion of the screen displays the multi-bit 
register fields that are most likely to be modified. The serial 
loader program provides a slide-bar for easier adjustment of 
these parameters without manually adjusting a series of 
individual bits. 

The bottom portion of the screen displays the specific contents 
of agiven register (the register number is identified in a label box 
centered above the individual values). Each of the individual bits 
in the serial registers can be accessed from this portion of the 
screen. 

Selecting Which Register is Displayed 

There are several methods of selecting which register to 
display at the bottom of the Serial Loader screen. The individual 
bits for the selected register are then displayed and accessible. 

1) Select the register number in the WRITE column at the 
far left side of the screen (with the left mouse button). 

2) Select the register contents in the WRITE column. 

3) Select a multi-bit parameter name in the upper half of 
the screen. The contents of the register associated 
with this parameter will be displayed. 
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Setting Register Parameters 
Register parameters can be set in two ways: 

40) After selecting a register for display at the bottom of the 
Serial Loader screen, toggle the appropriate bits by 
selecting them with the left mouse button. 

Note that the register contents will also change in the 
WRITE field in the left portion of the screen. 

Any multi-bit parameter setting on the right hand side of 
the screen which is affected by the bit change will also 
change. 

41) Select one of the change arrows in the multi-bit 
parameter section in the right portion of the screen. 
Changing a multi-bit parameter value by selecting the 
right/left slide bar arrows will change the contents of the 
WRITE field for the register containing the bits for that 
parameter. If the affected register is displayed in the 
bottom box the appropriate bits will also change as the 
parameter is varied. 

Selecting the W/R (Write/Read) button on the bottom left 
side of the screen will load the serial registers with the 
serial loader screen contents and read them back to 
determine if they loaded properly. If the register contents 
on readback do not match the written values, the back- 
ground behind the register(s) in question will change 
from blue to red. 


Note: 


Menu Bar Definitions 
The following options are available from the menu bar at the 
top of the Serial Loader screen. 


File 
Allows saving of current serial loader and serial register 
contents and the quick retrieval and loading of 
previously-saved register contents (through the Open, 
Save, and Save As options) and a means to exit the 
program (with the Exit option). 
Once a file has been recalled to the Serial Loader 
screen the remaining four menu options may be useful: 
W/R 
Write/Read. (Shortcut key - F6) 
Writes the values currently displayed on the 
Serial Loader screen to the serial registers and 
immediately reads back the contents of the 
registers. 
If the values in the WRITE field (far left column 
on screen) do not match the register the values 
read back from the registers (the READ 
column), any registers with non-matching 
values will show up with a red background in the 
READ field. 
If the values match the read field will maintain a 
blue background. 
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Write: Button Definitions 
(Shortcut key - F7) READ 


i i in the WRITE : F : F 
ee hese erases clay me Reads the serial register contents and displays them in 
g ; the READ column in the left portion of the Serial Loader 


Read: screen. If the values read back do not match the values 
(Shortcut key -F8) previously written by the serial loader the background 
Reads back values set in the serial registers to for registers in question changes from blue to red. 
the READ column at the left side of the screen. 
W/R 
Ports: 


Writes the current Serial Loader values to the IC 
registers and performs a read to verify to verify the 
correct values were written (see above). 


Note that these port options may not be 
available on all versions. 


H278, H378, H3BC 
These are the three standard parallel 


port addresses. The customer should Note: 
verify which address their system is In some Serial Loader programs, Help is available (descriptions 
using. of labels and buttons) by pressing the right mouse button. 


H280 
The Quatech card. 

Test Port 
This is a form to test if the computer is 
talking to the parallel port correctly. This 
feature eliminates one possibility from 
the equation when troubleshooting 
serial port problems. 


HELP ' 
Bit Map 

Allows quick location of the register containing 
a particular bit. 

Select the button representing the first letter of 
the name of the particular bit you wish to locate. 
A list of bit names starting with that letter will be 
displayed. Selecting the desired name will bring 
up the contents of the appropriate register at the 
bottom of the screen. 


EXIT ' 


Save Before Exit 
Allows register settings to be saved to a file for 
future reference before the Serial Loader 
program is closed. Specify the file name and 
directory path. 

Exit Without Save 


Immediately closes the Serial Loader program 
without saving register contents to a file. 
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1 Note that these menu bar options may not be available in all Serial Loader pro- 
grams. 
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File 


rule 


Base Muxs 


000000000000 
000000000000 
000000000000 
000000000000 
000000000000 
000000000000 
000000000000 
000000000000 
000000000000 
000000000000 
000000000000 
000000000000 
000000000000 
000000000000 
000000000000 
000000000000 
000000000000 
000000000000 
000000000000 


on on ca aw a 


Inputs Formula Adapt ZeroTaps FilRRead Help Exit 


000000000000 
000000000000 
000000000000 ScHDES, 
UU) 6 CTFDGD 
000000000000 CTFSBST 


CTFSFC 
000000000000 
000000000000 Esey 
000000000000 DAMP SGAIN 


000000000000 | ——™ — 
FIR_O 1r1 

ooo000000000 

o00000000000 |e VITHRES 


000000000000 FIR_2 WPC_1 
000000000000 

000000000000 Bae wre 2 
000000000000 FIR_4 


FIR_5 
FIR_6 


Register 0 
ia le ra FIRO_3 §FIRO_2 FIRO_1 §FIRO_O 


Figure 194 The Main Screen of a Serial Loader program. 
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SZ USING THE ADAPTIVE FIR CONTROL 
4 VTC Inc. FOR THE VM65015 
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ADAPTIVE FIR FILTER PARAMETERS Table 249Taps Adjusted with TWR Settings 
The following parameters affect the operation of the VM65015. TWR DAC Taps Adjusted 
The parameters are set through the serial registers. 
Backs 00 0 4 1 3 
Definitions 
AE Adaption Enable. 01 at |e 
(Not displayed on the Adaptive FIR Control screen.) 10 1 3 
Controls whether adaption is performed. Logic ‘1’ 
equals adaption enable. 11 3 


This bit is activated automatically when a “Run” 


command is issued from the Adaptive FIR Control Note: Taps which are not adjusted are still active but held at 


their pre-adaption values. 


screen. 
Note: This bit can be accessed through the Serial SYMC Symmetry Control. 
Registers, but it must not be toggled during an Determines which if any of the taps will be 
adaption cycle. symmetrically adjusted: 
The Adapt Hold (ADPHLD) pin allows adaptation to be 
temporarily halted. When AE = 1, a high on the Table 250Symmetrically Adjusted Taps 
ADPHLD pin temporarily halts adaptation while a low SYMC DAC | Taps Adjusted Symmetrically 
allows adaptation to occur. 
00 1and3 
DZ Dead Zone length. 
Specifies how many update samples are required in 01 0 and 4 
either direction to cause the tap to be updated in that 
direction. 10 1 and 3, 0 and 4 
INTL Integration Length. 11 none 


Selects the number of samples to integrate over for 

each tap weight (12, 15, 18 or 21). One sample is one SUGGESTED INITIAL SETTINGS 

clock cycle. 

Note: See Figure 195 for a depiction of the interrela- 
tionship between Dead Zone and Integration 
Length settings. 


Tap Weights 
To set the desired tap weight, select “Set Weights.” 
from the main menu bar. 
Setting the tap weights to their center positions on the 


ITW Initial Tap Weight. Serial Loader screen (0,0,15,0,0) does not result in flat 
Selects which tap begins the first adaptation cycle response of the FIR filter. Tap weight settings for flat 
when a new read cycle is started. Table 248 describes response are (0,16,15,16,0). 
the order of adaption for each DAC setting. DZ ™ 
Note: All subsequent adaptation cycles use the TWR A 3 : ° 
setting (see Table 249 and Figure 196) to deter- TOE LG o ees 00a, 20 iQue i) & ff 
_ ‘ OF 
mine the order of tap cycling. INTL 5 9 
. a 
Table 248Order of Adaption with TWR =0 10 or 11 (18 cycles or 21 cycles, see Figure 195) a 
pac | Tw Order of Tap Weight Adaption 
10 (tap 4, see Table 248) 
00 0 0| 4) 1 3)/0/4/)]1 3 TWR 
01 4 4 { 3 0 | 4 { 3 0 |... 10 (taps 1 and 3, see Table 249) 
1o} 1 |1/3}o;4]1f/3]o0]4 SYMC 
00 (taps 1 and 3, see Table 250) 
11 3 3 0 4 1 3 0 4 1 


TWR_ Tap Weight Rollover. 
Determines how many of the taps are adjusted. Table 
249 describes which taps are adjusted.Setting the DAC 
to 00 adjusts all 5 taps (0 through 4). 
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DVHS ADAPTATION 
Two methods are available to select default values for FIR Taps. One method employs historical data to set a default the other relies 
on test results to provide specific settings for each DVHS deck. The following examples describe each of the methods. 


Historical Data Use 
Optimize each DVHS deck for FIR during early builds. Histogram the results from each deck and use the mean settings as defaults 
for all DVHS decks. 


Deck Specific Testing 
This method is probably best suited for automated testing and adjustment of FIR taps on a production line basis. This method 
guarantees optimized FIR defaults for each DVHS deck. 
Performing this routine as a periodic maintenance function is recommended throughout the life of the deck. FIR taps should be 
periodically adjusted to accommodate head degradation. 
Each step is the adaptation process is numbered and explanations are provided where appropriate. 
Adapting on Each Playback 
When the play button is pushed, the deck aligns the heads on-track by adjusting the scanner speed for maximum amplitude from 
the preamplifier. After acquiring tracking, adaptation can be enabled. The recommended sequence to follow in adapting is listed below. 
Note: Do not Adapt while searching for on-track. 
80) Set the ADPHLD pin high. 
Adaptation should only be attempted in the main code area of the data. See Figure 197 for an example of 
proper timing. 
81) Set Dead Zone to 11. 
82) Set Integration length to 11. 
Setting the Dead Zone and Integration length to 11 provides the most stable adaptation. These settings 
will guarantee convergence and holding of proper FIR tap settings. See Graph 
83) Set Symmetrical to 00. 
Setting Symmetrical to 00 results in symmetrical adaptation of FIR Tap pairs (1 & 3,0 & 4). This setting 
provides a check-and-balance of the adaption decision which results in a more stable adaptation. 
Set Initial Tap Weight to 10. 
Set Tap Rollover Weight to 10. 
Setting ITW and TRW to 10 causes only Taps 1 and 3 to adapt (because Taps 0 and 4 are shared 
between Head 0 and 1). Data shows Taps 0 and 4 should be set to 0 and left, as this selects a flat 
response and provides independent adaption for each head. 
86) Set Adaptation Enable to 1 and the other register values to default settings. 
This allows the ADPHLD (adapt hold) pin to control adaptation. 
87) Toggle the ADPHLD pin after tracking is acquired for a short time (10 to 100 tracks). Then hold the ADPHLD pin high for the 
duration of playback. 
This keeps the internal noise to PRML at a minimum and prevents doubling of the Bits in Error. (The BER 
doubles when the adaption must follow off-track and then on-track). When adaption is on errors are 
detected both when going off-track and when returning on-track. When adaption is off, errors are detected 
only when going off-track. 


84 
85 


rez 


Note: An average is preferred, but is not absolutely necessary. However, an average eliminates stopping that may result from an off- 
track or bad adaption. 


Checking ECC Events as a Measure of Optimal Adaptive FIR Tap Settings 
To establish the threshold of ECC events requires a small sample build of DVHS decks. Use the sample to optimize all channel 
parameters (including FIR tap settings) and to collect data on ECC events. 

1) The ECC event threshold should be set close to the least acceptable performance level (with enough margin to guarantee 
performance). The risk with this method is not being able to achieve the ECC threshold level. A routine 
can protect against this (e.g., a very poor quality tape) happening. 

2) Initiate Adaptation of the FIR. Stop adaptation before checking against ECC threshold. If the ECC results are 
acceptable retain FIR settings. If not repeat this step. 


IMPORTANT NOTES 
* Do not attempt to change serial register settings during an adaption cycle. 
* It is important that random data be used as a training sequence. Convergence problems for the LMS algorithm may result if 
random data is not used. 
+ Proper selection of Dead Zone (DZ) and Integration Length (INTL) parameters can bring about rapid adaption or slow, highly 
stable tracking of system changes. 
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- Short integration lengths and narrow dead zones will allow for more rapid adaption at the risk of non-optimal adaption. 
- Wide dead zones can prevent convergence of the adaption routine (particularly with short integration lengths). 
This occurs because DZ sets the number of update commands in a given direction before an update can occur. 


Dead Zone to Integration Length 


100% 


3=80% 


—— 
=, 
Le 


2= 65% 
Dead Zone (%) 
DAC Setting 
1=50% 


0=30% 


0) 0=12 1=15 2=18 3=21 
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Integration Length (Cycles) DAC Setting 


FefisOZ=0,1L=0 FRisbz=1,L=1 §isDz=2,L=2 [JjisOZ=3,1L=3 SJisdZ=0,L=3 


(30% and 12 Cycles) (60% and 15 Cycles) (65% and 18 Cycles) (80% and 21 Cycles) (30% and 21 Cycles) 


Figure 195 Interrelationship of Dead Zone % Settings and Integration Length Cycles 
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Figure 196 Tap Adaption Progression 
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Figure 197 ADPHLD Timing Limiting Adaption to Main Code 
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Figure 198 Run Adaption Routine 
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APPLICATION NOTE 


FLEX CIRCUIT LAYOUT GUIDELINES 


August 12, 1999 


FLEX CIRCUIT LAYOUT GUIDELINES 
The following statements describe basic principles that should 
be followed when designing flex layouts. 

3) Bypass capacitors should be as close to the IC as possible 
to minimized decoupling of the 
capacitor from the circuit at high 
frequencies due to series 
inductance. 

4) Incertain high Z input preamps: 

An external Ac coupling capacitor 
sets the low frequency pole of the 
system. Because this capacitor is at 
an extremely low impedance node, 
any inductance in series with 
capacitor will set a high frequency 
RL pole which can limit the upper 
cutoff frequency of the preamp. 
For instance, if Fpe=R/2nL, R=8Q (the node impedance) 
and L=10nH (the node inductance), F, would then equal 
127MHz. Note that there can easily be several 
nanoHenries in the bond wires alone. 
The bottom line is that these leads need to be kept as short 
as possible and as wide as possible to minimize L and 
maintain the bandwidth of the system. 

5) In high Z input preamps: 

The equivalent input circuit is a 2-pole circuit, meaning it 
will resonate and peak. The amount of peaking will be 
proportional to the resistive damping involved. The L/C 
ratio will also affect the amount of peaking; the higher the 
ratio of series inductance to parasitic capacitance the 
greater the peaking. 

Parasitic inductance and capacitance must be minimized. 
This will minimize peaking of the frequency response and 
maintain bandwidth. 

6) Power distribution connections should be kept as short and 
wide as practical to minimize 
inductance. This applies to Voc and 
Vee as well as Ground. 

7) Most readers have emitter-follower outputs. These are 
prone to oscillation if certain 
precautions are not taken: 

42) Do not try to drive large amounts of capacitance (this 
includes certain probes without 10:1 dividers). 

43) Pay particular attention to the emitter-follower AC return 
path. For an NPN emitter-follower this is through Vc, 
not ground. Proper bypassing of Vcc is extremely 
critical. 

Larger values of bypass capacitance do not necessarily 
mean more effective bypassing. 

At high frequencies (where the follower is more likely to 
become unstable) series inductance in the capacitor 
degrades its effectiveness. 
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11) 


Smaller capacitor values will tend to have less series 
inductance and may actually be more effective. It is 
again important that the bypass capacitor be as close to 
the preamp as possible. 

Symmetry of RDP and RDN lines should be preserved or 
the common mode rejection ratio 
(CMRR) at the input to the channel 
IC will be compromised. 

In some cases signals induced on control lines can find 
their way back to the inputs. 
Therefore RDP and RDN should be 
positioned away from control lines. 

In certain low Z input preamps: 

A compensation capacitor is connected across the bases 

of the input differential pairs. Any noise picked-up by the 

capacitor will be transferred directly to the input of the 
reader. Any series resistance introduced at this point will 
also result in an additional thermal noise component 
introduced at the input. Keep the leads to this capacitor as 
short and wide as practical. 

When “guarding” RDP and RND lines, care must be 
exercised so that the guard lines do 
not mutually-couple extraneous 
noise into RDP and RDN. 

This means the guards lines should be ground on only one 

end (usually the preamp end). 


6-33 


=z 
Qo 
Par 
oF 
50° 
a= 
a 

<x 


W 
© 


APPLICATION NOTE 5 990812 


> 
a 
a) 
= 
2) 
> 
= 
fe) 
2 


6-34 VTC Inc., 2800 East Old Shakopee Road, Bloomington, MN 55425, 612-853-5100 


WH 
Sx 
Wy VTC ‘ ae 


990812 


APPLICATION NOTE 


DEMYSTIFYING NOISE 
SPECIFICATIONS FOR DATA 
STORAGE PREAMPLIFIERS 


August 12, 1999 


INTRODUCTION 

Some of the most confusing and misunderstood preamplifier 
specifications are those relating to noise. This is because there 
are a number of noise contributors in any preamplifier/nead 
system and there are a number of ways to combine them into a 
specification which represents the total noise performance of the 
system. Complicating this is the fact that the units involved can 
be somewhat non-intuitive. The end result is that the 
specification often does not adequately represent the 
performance of the system (or the specification is misconstrued 
to mean something it doesn’t). 

This note attempts to provide the underlying principles 
necessary to interpret noise specifications and outlines some of 
the common pitfalls when examining or creating noise 
specifications for data storage head preamplifiers (particularly 
MR preamplifiers). 


TYPES OF NOISE 


Thermal Noise 

All resistive elements generate noise due to thermal agitation 
of electrons. This is also called “Johnson noise.” Thermal noise 
generated by a complex impedance is due strictly to the “real” or 
resistive component of the impedance. Pure reactances do not 
generate thermal noise! 

Thermal noise is “white noise.” White noise has a constant 
noise power for a given bandwidth anywhere in the frequency 
domain. In addition, the probability density function for 
instantaneous values of white noise voltages is Gaussian and 
therefore white noise is also called Gaussian noise. Thermal 
noise voltage is defined as follows and has units volts/VHz. 


(eq. 204) 


Vt = V4kTBR 


V; = rms thermal noise voltage in volts Hz 


k = Boltzman’s Constant (1.38 x 10 “23 joules/ degKelvin) 
T = Absolute temperature in degrees Kelvin 
B = Noise bandwidth in Hz 
R = Resistance in Ohms 


Thermal noise is usually responsible for setting the lower limit 
on the amplifier noise floor. Note that if we increase the 
resistance value of an MR head the thermal noise presented to 
the input of the preamp is increased in proportion to the square 
root of the resistance. The noise power (often quoted in 
specifications) is the noise voltage squared or v°/Hz. Therefore 
the noise power increases in direct proportion to resistance. 

Note that this only applies to thermal noise generation. There 
are other factors affecting noise that can be affected by 
changing the head resistance. These will be discussed later. 
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Shot Noise 
Shot noise is due to current flow across a potential barrier such 
as a semiconductor junction. 


(eq. 205) 


Ish = J2qldcB 


Isp = rms shot noise current 
q = Electron charge 
lg¢ = Average DC current through potential barrier 
B = Noise bandwidth in Hz 
Shot noise also has a Gaussian distribution and is strictly a 
function of DC current through the device. 


Flicker Noise or 1/f Noise 

Although the physical mechanisms causing flicker noise are 
not well understood, it is believed to be caused by discontinuities 
in the conducting medium. The name “1/f noise” is derived from 
the fact that below a certain “1/f’ corner frequency the noise 
voltage is proportional to 1/f. 

Flicker noise is usually not a factor in bipolar MR preamps 
because the lower corner frequency of the MR preamp is above 
the 1/f corner frequency. In MOS preamps the 1/f corner 
frequency can extend out past 1 MHz, therefore in these 
preamps it is very important to understand total noise power 
taken over the entire bandwidth and the spectral distribution. 


Popcorn or “Burst” Noise 
Popcorn noise is due to manufacturing defects in materials 
and is usually not a significant concern in modern processes. 


NOISE SPECTRUM = 

Noise defined at a particular frequency has the units volts/VHz 
or amps/VHz. This is frequently called “spot noise.” If we plot 
spot noise vs. frequency we obtain the “noise density” or 
“spectral density function” (SDF). If we define a bandwidth of 
interest the “total rms noise” is the area under the spectral 
density function curve within that bandwidth. The reason the 
units v?/Hz are commonly used is apparent here -- when 
calculating the total noise the Hz units cancel out and we are left 
with v? or total noise power. (Note that unless the bandwidth 
used to calculate the total noise power is known, the number is 
quite meaningless.) 

The main point here is that noise can (and does) vary with 
frequency. What is important is the total noise power within a 
given bandwidth and how that noise is distributed with respect to 
frequency. A spot noise measurement only tells us about a 
single point on the noise floor. In most cases it is specified at the 
lowest point on the noise floor. It tells us little about noise 
performance over the bandwidth of interest. When looking at 
noise specifications it also pays to look carefully at units (v/VHz 
vs. v2/Hz can describe the same thing but yield quite different 
numbers). 

Remember that the same units can be used to describe a 
number of different measurements; it is important to understand 
how a particular specification number was derived! 
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NOISE BANDWIDTH 
Acommon mistake when calculating thermal noise, shot noise 


or total noise is to assume that the -3db bandwidth defines the 
noise bandwidth. The following figure shows that this will not 
include a significant portion of the area under the transfer 
function curve. 


-3DB 


GAIN -20DB 


-40DB 


0.1f f 10f 100f 


FREQUENCY 


The shaded area represents the area under the transfer 
function curve that is not accounted for when the -3db bandwidth 
is used to calculate the noise voltage (such as when calculating 
thermal noise passed through an MR preamplifier with a finite 
bandwidth). As can be seen from the graph, if we use the -3db 
bandwidth in our calculations the calculated noise will be in error. 
The area under the curve beyond the -3db point must be 
included. If the roll-off is the result of one or more poles, the -3db 
bandwidth can be multiplied by a correction factor as follows: 


Roll-off in DB/Octave Multiply -3db Bandwidth by 
6 1.57 
12 1.22 
18 1.15 
24 1.13 


Note: This assumes the gain is flat out to the -3db point and 
Gaussian noise. In the case of MR preamps the SDF 
may not be flat and the high frequency roll-off will not be 
well defined. In these cases integration or “counting the 
squares” must be used to calculate the area under the 
curve and thus the total noise. 


AMPLIFIER NOISE SOURCES AND EQUIVALENT INPUT 
NOISE 
Noise sources within an amplifier can be modeled as an 

equivalent noise generated at the input of an amplifier. If the total 
noise at the output of the preamplifier is known the Equivalent 
Input Noise (EIN) can be determined by dividing by the amplifier 
gain. The total noise seen at the output of the amplifier can be 
caused by voltage or current noise. The EIN figure does not tell 
us anything about the contribution of voltage noise vs. current 


noise to the total noise at the output of the preamplifier. 
Each gain stage has a certain amount of voltage noise and 


current noise. As it turns out, in most amplifiers the first stage is 
the predominant noise generator due to the noise being gained 
up more than the noise from later stages. 
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The following figure shows a differential amplifier and how its 
noise sources can be modeled as equivalent current and voltage 
noise generators at the input. 


Einx G 


Noise voltages add in rms fashion. If we make the assumption 
that the noise sources are uncorrelated then the equivalent rms 
input noise due strictly to the amplifier is: 


EINa = V Ggr2)Per2) + (eRe) + 092 (eq. 206) 

Taken one step further, the thermal noise from the source 
resistances can be accounted for giving the equivalent rms input 
noise for the head/preamp system: 


zs . 2 2 2 
Eine = V a2 Per2) + (ng?) Ree) + 0,2 + v2 Vp (eq. 207) 


Vi1 and Viz represent the thermal noise from R,; and Rp respectively 


In the case of a differential MR preamp, R,, + Res represent 
the MR head resistance. In addition there are two other noise 
sources we must contend with in the form of bias current sources 
for the head. These noise sources can be modeled as two 
additional current noise sources as shown below: 


Voo Vor 


R3 Re 


Ein x 


The total rms equivalent input noise for a differential MR 
preamp can be described by: 


(eq. 208) 


. 2 2 . 2 2 2 2 2. ,2 2 . 2 2 
Einnr= V Gi )(Rgt”) + (ina (Rea) + On” + Vir +¥t2" + (ist) (Rt) + (isa (Ree 
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Multiplying this number by the amplifier gain gives the noise 
voltage at the output. This number does not tell about the 
spectral distribution, but knowing this equation provides insight 
into the contribution of the various noise sources. 

There are several methods of determining the amplifier noise 
contribution. For instance, if R,, and R,2 are made extremely 
small, the contributions of the noise currents and thermal noise 
sources are eliminated allowing easy determination of the 
amplifier noise voltage contribution. Knowing the voltage 
contribution simplifies determination of the noise currents. 
Another method to determine the noise currents involves varying 
the source impedances and noting the difference in E,q. In the 
case of MR preamps, it would be better to employ the latter 
method since making the source resistance small means 
shorting the inputs. In many cases this will seriously disturb the 
stability of the preamp or cause the bias current sources to inject 
additional noise into the inputs. It is important to note that the 
additional bias current noise sources are not accounted-for in 
some MR preamp specifications. 

Although reactances do not generate thermal noise 
themselves, a noise current passed through a reactance will 
generate a noise voltage. If reactances are present at the input 
of the preamplifier the i,2R,* and e,2 terms will become 
frequency-dependent (remember that only the real parts of any 
impedance affect thermal noise and therefore those terms are 
not directly affected). 

This means that any reactances at the input, parasitic or 
otherwise, will become factors in the determining EIN and the 
noise spectral distribution. 


NOISE IN ACTIVE DEVICES 

In order to fully understand which noise parameters are 
important in any given application, it is necessary to understand 
a few key points about what influences noise performance in an 
active gain stage. Whether voltage noise or current noise 
predominates is influenced by the active device type (bipolar or 
MOS), current magnitudes, transconductance, beta, base 
spreading resistance and gate source capacitance. It is very 
important to understand which type of noise predominates 
when examining MR preamp specifications. There are trade-offs 
which may result in voltage noise being minimized at the 
expense of current noise or vice versa. For instance, MOS 
preamps will have very low input noise current but may have 
substantially higher input noise voltage. Per the above equation 
for Einmrs even though the current noise may be lower, the total 
Eimer May be higher. 


OPTIMUM SOURCE IMPEDANCE 

As can be seen from the equation for E,y;, for any combination 
of input-referred voltage noise and current noise there is an 
optimum value of source resistance. In most cases this is equal 
to e,/i,. In the case of MR preamplifiers an increase in head 
resistance will not only increase thermal noise contributed by the 
head but will increase the noise contribution due to current 
noise. If there is parasitic inductance the noise will increase with 
frequency in proportion to the inductance. It would seem on the 
surface that one would want the lowest input noise current 
possible. HOWEVER, lower input noise current may come at the 
expense of input noise voltage. Therefore noise current, noise 
voltage, thermal noise and parasitic reactances all need to be 
considered when examining specifications. 
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SIGNAL TO NOISE RATIO AND NOISE FIGURE 

In many situations what is ultimately important is the dynamic 
range between the noise floor and the signal level. Signal to 
noise ratio usually denotes the ratio of the maximum signal the 
gain stages can handle divided by the noise floor. If the 
performance of an MR preamplifier is specified in terms of signal 
to noise ratio we need to know the absolute noise floor and the 
signal level to determine the usefulness of the preamp in any 
given application. For example, if the noise floor is extremely 
high and the preamplifier accepts unusually high input levels it 
would be capable of high signal to noise ratios. But it would be 
useless in our application since we are working with relatively 
low level signals and need a low noise floor to achieve 
reasonable signal to noise ratios. 

Pay attention to units! If the noise measurement is noise 
power, the signal measurement should also represent signal 
power. Also, pay attention to what constitutes the noise 
measurement in the bottom term -- is it a spot noise 
measurement or total noise power taken over some bandwidth. 
Frequently this is not spelled-out in the datasheet. Sometimes 
“Noise Figure” or “Noise Factor” is used to specify the noise 
performance of an amplifier and its signal source. This is the 
ratio of noise power at the output to the noise power at the input 
due to the thermal noise of the source resistance. This is a figure 
of merit for how much noise is added by the amplifier. If no noise 
is added then the noise factor will be “1”. There are a number of 
shortcomings to this method of specifying noise. The main one 
is that it is not valid for reactive sources. In addition, in some 
cases it is possible to increase the source resistance, thereby 
lowering the noise factor. However, the total EIN may be 
increased due to the increase in thermal noise. 


SUMMARY 
When examining noise specifications keep the following points 
in mind: 

12) Noise specifications without the bandwidth over which the 
measurements were taken are 
useless. 

13) Spot noise measurements are often used to specify the 
magnitude of the noise floor. This 
method of specifying the noise can 
be misleading since it does not 
describe the noise performance 
over the total bandwidth. 

14) Make sure that any equivalent input noise specification 
includes all the relevant noise 
sources. 

15) Just because an amplifier is specified with a lower voltage 
or current noise at the input does 
not mean that the total noise seen at 
the output is less. All noise sources 
must be considered together. 


16) Pay special attention to units. 
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Ordering Information 
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Plastic Quad Flatpack (PQFP) 


64-LEAD PQ20 (14 x 20 x 2.71mm, 1.60mm leadform) 
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*Note: Index area; a notch or a lead one identification mark is located 


adjacent to lead one. 


80-LEAD PQ20 (14 x 20 x 2.71mm, 1.60mm leadform) 


A 

B f . 

c__| oo ] oo | ois | 023 | 
D 


: 
E 
: 
F 
Fi 


aor [aoe | ow | os 


CONTROLLING DIMENSIONS: MILLIMETERS 
*Note: Index area; a notch or a lead one identification mark is located 


adjacent to lead one. 


100-LEAD PQ20 (14 x 20 x 2.71mm, 1.60mm leadform) 


A 

B i # 
© [200s [ eae» | ove | 00] 
0 
: 
E 
: 
F 
Fi 
@ | aoe [ome | oz | ox | 
: 
ee ee 
K 
L 


[elo 


| ooase | oom | 073 | 109 | 


o Y 6 o° fie 


14 
J rt : 


CONTROLLING DIMENSIONS: MILLIMETERS 
*Note: Index area; a notch or a lead one identification mark is 


located adjacent to lead one. 
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x . 
© Thin Quad Flat Pack (TQFP) 


32-PIN TQFP (7 x 7 x 1.0mm, 1.00mm leadform) 


INCHES MILLIMETERS 
ome max | max._| 
pa | = | oo | - | 120 | 
|e | ose | aos | ons | 105 | 
0.004 0.008 0.09 0.20 


[2 | eae se 700 a8 
= 
k 
<x A] 


Ce 
a = eae aoe | ae eee 


CONTROLLING DIMENSIONS: MILLIMETERS 
*Note: Index area; a notch or a lead one 


identification mark is located adjacent to lead one. 


48-PIN TQFP (7 x 7 x 1.0mm, 1.00mm leadform) 


INCHES MILLIMETERS 
mee Ta 


a \ AES 


a ea i 
a a | 
Pw | cowresc | eso ssc | * 
ee 


CONTROLLING DIMENSIONS: MILLIMETERS 


*Note: Index area; a notch or a lead one 


identification mark is located adjacent to lead one. 


64-LEAD TQFP (10 x 10 x 1.0mm, 1.00mm leadform) 


evnBOL INCHES MILLIMETERS 
ree ee 
27 


ee ee af ee 
ee ee 

[6 _[eoose [oom [om Tom 

ee 

[a cone | oa] a |e) 

| ok | cots | 0030 | os | 075 | CONTROLLING DIMENSIONS: MILLIMETERS 
Pou ff o f 7 foie fon | *Note: Index area; a notch or a lead one 


identification mark is located adjacent to lead one. 
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Thin Quad Flat Pack (TQFP) 


80-LEAD TQFP (12 x 12 x 1.0mm, 1.00mm leaaform) 
INCHES MILLIMETERS 
SYMBOL 
MAX. k MAX. 
A 
B B 
C L 
D 
F 
G 0.17 : 7 
H 0.50 BSC 
J 0.006 CONTROLLING DIMENSIONS: MILLIMETERS 
K 0.030 *Note: Index area; a notch or a lead one identification mark is 
L 7° 0” located adjacent to lead one. 
100-LEAD TQFP (14 x 14 x 1.4mm, 1.00mm leadform) 
INCHES MILLIMETERS 
b 
z 
CONTROLLING DIMENSIONS: MILLIMETERS 
*Note: Index area; a notch or a lead one identification mark is 
located adjacent to lead one. 
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x Small Outline Integrated Circuit (SOIC) 


8-Lead SOIC (150 mil) 


MIN. MAX. MIN. MAX. 
A 
5 
; 
p 
E 
G 
J 
K 
lL 


SYMBOL 


*Note: Index area; a notch or a lead one identification 
mark is located adjacent to lead one. 


0° 8° 0° 8° 


14-Lead Narrow SOIC (150 mil) 


MIN. MAX. MIN. MAX. 
A 
; 
; 
D 
: 
G 
; 
J 
K 
L: 


SYMBOL 


*Note: Index area; a notch or a lead one identification 
mark is located adjacent to lead one. 


0° 8° o* 8° 


16-Lead SOIC NARROW (150 mil) 


MIN. MIN. MAX. 
A 
B bi He ce notch : ee one identification 
C mark is located adjacent to lead one. 
0 
E oa a 
F L | ot 
G 
H 
J 
K 
L 


BSC BSC 
ie ne Ue aed (a 


| oo14 | o020 | 035 | 049 | : 1 
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Small Outline Integrated Circuit (SOIC) 


16 PIN SOIC (300 mil) 
CONTROLLING DIMENSIONS: INCHES 
SYMBOL *Note: Index area; a notch or a lead one identification mark is 
located adjacent to lead one. 
A 
B 
Cc 
D 
E 
F 7 — 
G i A F FE : 1 
H 0.050 BSC 1.27 BSC v [al 
J 0.005 0.012 0.13 0.29 a NS 
> 
c J 
L 


20 PIN SOIC (300 mil) 
CONTROLLING DIMENSIONS: INCHES 


*Note: Index area; a notch or a lead one identification mark is 


located adjacent to lead one. 


24-PIN SOIC (300 mil) 5 4 
CONTROLLING DIMENSIONS: INCHES 
SYMBOL 
*Note: Index area; a notch or a lead one 
A identification mark is located adjacent to 
B lead one. 
Cc 
D 
E 
F a his 
L 
H 0.050 BSC 1.27 BSC [a] 
{le >]. FE =¥ 
c J 
L O° 8° o° 8° 
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<< Small Outline Integrated Circuit (SOIC) 


CONTROLLING DIMENSIONS: INCHES 
*Note: Index area; a notch or a lead one identification 


mark is located adjacent to lead one. 


0.014 0.019 0.35 


0.050 BSC 1.27 BSC 


36-PIN SOIC (300 mil) 


CONTROLLING DIMENSIONS: INCHES 
*Note: Index area; a notch or a lead one identification 


mark is located adjacent to lead one. 


44-PIN SOIC (300 


CONTROLLING DIMENSIONS: INCHES 
INCHES MILLIMETERS 
ais re ae 


*Note: Index area; a notch or a lead one identification 


mark is located adjacent to lead one. 
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Shrink Small Outline Package (SSOP) 


20-LEAD SSOP (5.3mm BODY, 0.65mm LEAD PITCH) 


| 065 
| 005 


SYMBOL 


A 

B 
C .005 | og | 013 _| 0.22 

D 
E 5.38 

F 
G 
H 
! 
K .037 0.55 

L 0° 8° 0° 8° 


24-LEAD SSOP (.209" BODY, 0.65mm LEAD PITCH) 


5.20 E 

025 | 038 | 
BSC 
008 0.05 


28-LEAD SSOP (5.3mm BODY, 0.65mm LEAD PITCH) 


178 
407 10.38 


205 
301 
[ots 


0.25 0.38 


008 0.2 


8° 0° 8° 


WW 
© 


*Note: Index area; a notch or alead one 
identification mark is located adjacent to lead one. 


ij 
a 
to) —>| 


*Note: Index area; a notch or a lead one 
identification mark is located adjacent to 
lead one. 


*Note: Index area; a notch or a lead one 
identification mark is located adjacent to 
lead one. 
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<<, Very Small Outline Package (VSOP) 


CONTROLLING DIMENSIONS: MILLIMETERS 
*Note: Index area; a notch or a lead one identification mark is 


located adjacent to lead one. 


gos | ooaz4 


0.006 | 0.080 


ozo1_| sao] 660 _| 
ose | 0.77 


0.256 
0.012 L 


0.0256 BSC 0.65 BSC y = 2s 
7, F 


0.028 


*Note: Index area; a notch or a lead one 
identification mark is located adjacent to lead one. 


nom 
oo | [ror [one | 
Pa [a [oa ft | 


i | 
Foo [oe [0 | om | 
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|_\ —_— 
| ove | v6 | 00s | ots | FAD in| i 
c J 


CONTROLLING DIMENSIONS: MILLIMETERS 


*Note: Index area; a notch or a lead one identification mark is 


located adjacent to lead one. 
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Very Small Outline Package (VSOP) 


32 PIN VSOP (6.1mm BODY, 0.65mm LEAD PITCH) 
CONTROLLING DIMENSIONS: MILLIMETERS 


SYMBOL *Note: Index area; a notch or a lead one identification mark is 
located adjacent to lead one. 
A 
B 
Cc 
D 
E 
F 
G L 
: VAP 
o 
J \ 
K c 
L 


38 PIN VSOP (4.4mm BODY, 0.50mm LEAD PITCH) 
CONTROLLING DIMENSIONS: MILLIMETERS 


8 2 
SYMBOL ———— ie a *Note: Index area; a notch or a lead one identification 

—: mark is located adjacent to lead one. 
A 
B 
Cc 
D 
E 
F 

1 19 
G A 0.011 0.17 L 
H 0.0197 BSC 0.50 BSC y ae 
i —' 


0c | 00s | os _| 
K oxo | oso | o75_| 
= 


5 
.75, 
Be 


CONTROLLING DIMENSIONS: MILLIMETERS 


SYMBOL a es *Note: Index area; a notch or a lead one identification 
mark is located adjacent to lead one. 

A 

B 

Cc 

D 

E 

__ i 
G 

H 0.50 BSC 


K | oso | 


fj 
o° 8° 
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xe Very Small Outline Package (VSOP) 


Fax or Mail Orders to: VTC Inc. 
Attn: Customer Service 


Mailing Address: 2800 East Old Shakopee Road 
Bloomington, MN 55425-1350 


Fax: (612) 853-3355 
Telephone: (612) 853-5100 
Toll Free: (800) VTC-DISC 
Email: info@vtc.com 
Web Site: www.vic.com 


Ordering Guide for Mass Storage Products 


V M 715 N XX 4 PO * 


Manufacturer’s ID 4 4 Revision Designator Supplied by Factory 


J = First Revision 
Family 
M = Mass Storage (Disk Package Code 
Drive Circuits) BX = Flip Chip (Bumped Die) 
CP = Plastic Sampling Package (CAVPAK) 
CQ = Ceramic Quad Flatpack 


Part Number 


EQ =EPAD 
Damping Resistor Designator on F  =No Flip Flop 
Preamps NO = Narrow SOIC 
R = Indicates Damping Resistor QF _ = Plastic Quad Flatpack (PQFP) 
N = No Damping Resistor QH_ = Heat Spreader 
No Designator = Indicates a Schottky PM_ = Plastic SOIC Mirror Image 
Isolated PQFP= PQFP with Heat Spreaders 


PO = Plastic Small Outline Integrated Circuit (SOIC) 
SM = Mirror Image SSOP 

SS = Shrink Small Outline Package (SSOP) 

TQ. = Thin Quad Flatpack (TQFP) 

VS = Very Small Outline Package (VSOP) 

X =Die 


Two Most Significant Digits of Read Voltage Gain 


Channel Count on Preamps 
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Ordering Information & 
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